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ABSTRACT

In a preferred embodiment, an automated Pharmacy Admix
ture System (APAS) may include a manipulator system to
transport medical containers such as bags, vials, or syringes
in a compounding chamber regulated to a pressure below
atmospheric pressure. In a preferred implementation, the
manipulator system is configured to grasp and convey
Syringes, IV bags, and vials of varying shapes and sizes from
a storage system in an adjacent chamber regulated at a
pressure above atmospheric pressure. Various embodiments
may include a controller adapted to actuate the manipulator
system to bring a fill port of an IV bag, vial, or syringe into
register with a filling port at a fluid transfer station in the
chamber. A preferred implementation includes a sanitization
system that can Substantially sanitize a bung on a fill port of
a vial or IV bag in preparation for transport to the fluid
transfer station.
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AUTOMATED PHARMACY ADMIXTURE SYSTEM

(APAS)
CROSS-REFERENCE TO RELATED
APPLICATIONS

0001. This application claims priority under 35 USC
S120 to U.S. patent application Ser. No. 11/316,795, entitled
“Automated Pharmacy Admixture System, naming as
inventors Rob, Eliuk, and Mlodzinski, and filed on Dec. 22,

2005, which claims priority to U.S. Provisional Patent
Application Ser. No. 60/638,776, filed on Dec. 22, 2004.
This application also claims priority under 35 USC S 119(e)
to U.S. Provisional Patent Application Ser. No. 60/681,405,
entitled “Device and Method for Cleaning and Needle/Cap
Removal in Automated Pharmacy Admixture System,” and
filed on May 16, 2005.
TECHNICAL FIELD

0002 Various embodiments relate to handling medicinal
containers such as Syringes, vials, and IV bags.
BACKGROUND

0003. Many medications are delivered to a patient from
an intravenous (IV) bag into which a quantity of a medica
tion is introduced. Sometimes, the medication may be an
admixture with a diluent. In some cases, the IV bag contains
only the medication and diluent. In other cases, the IV bag
may also contain a carrier or other material to be infused into
the patient simultaneously with the medication. Medication
can also be delivered to a patient using a Syringe.
0004 Medication is often supplied, for example, in pow
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system to transport medical containers such as bags, vials, or
Syringes in a compounding chamber regulated to a pressure
below atmospheric pressure. In a preferred implementation,
the manipulator system is configured to grasp and convey
Syringes, IV bags, and vials of varying shapes and sizes from
a storage system in an adjacent chamber regulated at a
pressure above atmospheric pressure. Various embodiments
may include a controller adapted to actuate the manipulator
system to bring a fill port of an IV bag, vial, or syringe into
register with a filling port at a fluid transfer station in the
chamber. A preferred implementation includes a sanitization
system that can Substantially sanitize a bung on a fill port of
a vial or IV bag in preparation for transport to the fluid
transfer station.

0008 Various embodiments may provide one or more of
the following advantages. First, the APAS may compound
toxic and/or volatile Substances. Such as those used for

chemotherapy, in a Substantially aseptic chamber at pressure
below ambient pressure to substantially avoid unintentional
escape of the substances outside of the chamber. Second, the
APAS may be programmed to select medical containers,
Such as IV bags, Syringes, and/or vials, according to site
specific (e.g., hospital) protocols for containers for particular
drug orders. Third, medical items, including IV bag and vial
bung ports, may be positioned to receive a sanitizing dose of
pulsed ultraviolet.
0009. The details of one or more embodiments of the
invention are set forth in the accompanying drawings and
the description below. Other features, objects, and advan
tages of the invention will be apparent from the description
and drawings, and from the claims.

der form in a medication container or in a vial. A diluent

liquid may be supplied for making an admixture with the
medication in a separate or diluent container or vial. A
pharmacist may mix a certain amount of medication (e.g.,
which may be in dry form such as a powder) with a
particular amount of a diluent according to a prescription.
The admixture may then be delivered to a patient.
0005 One function of the pharmacist is to prepare a
dispensing container, such as an IV bag or a Syringe, that
contains a proper amount of diluent and medication accord
ing to the prescription for that patient. Some prescriptions
(e.g., insulin) may be prepared to Suit a large number of
certain types of patients (e.g., diabetics). In Such cases, a
number of similar IV bags containing similar medication can
be prepared in a batch, although Volumes of each dose may
vary, for example. Other prescriptions, such as those involv
ing chemotherapy drugs, may require very accurate and
careful control of diluent and medication to satisfy a pre
scription that is tailored to the needs of an individual patient.
0006 The preparation of a prescription in a syringe or an
IV bag may involve, for example, transferring fluids, such as
medication or diluent, among vials, Syringes, and/or IV
bags. IV bags are typically flexible, and may readily change
shape as the Volume of fluid they contain changes. IV bags,
vials, and Syringes are commercially available in a range of
sizes, shapes, and designs.
SUMMARY

0007. In a preferred embodiment, an automated Phar
macy Admixture System (APAS) may include a manipulator

DESCRIPTION OF DRAWINGS

0010 FIG. 1 shows an illustrative automated pharmacy
admixture system (APAS) cell.
0011 FIG. 2 shows an illustrative inventory system for
an APAS cell.

0012 FIG.3 shows a top cut-away view of the APAS cell
of FIG. 1.

0013 FIG. 4 is a perspective cut-away view showing
illustrative details of the apparatus for handling syringes, IV
bags, and drug vials in an APAS cell.
0014 FIG. 5 illustrates an illustrative inventory system
using a carousel structure with inventory racks accessible by
a robotic arm in an APAS cell.

0.015 FIGS. 6A-6C show perspective views of illustra
tive rigid holder embodiments for registering a fill port of an
IV bag.
0016 FIG. 7 shows perspective views of illustrative
compliant holder embodiments for registering a fill port of
an IV bag.
0017 FIG.8 shows an illustrative IV bag holder embodi
ment on the inventory rack of FIG. 5.
0018 FIG. 9 illustrates a robotic arm gripper grasping an
IV bag port from the holder of FIG. 8.
0.019 FIG. 10 illustrates an illustrative set of inter
changeable gripper fingers for the robotic arm of FIG. 5.

US 2006/0259.195 A1

0020 FIG. 11 illustrates examples of uses of the illus
trative robotic gripper fingers of FIG. 10.
0021 FIGS. 12A-12D shows an illustrative example of
lock loading the rack into the carousel.
0022 FIGS. 13 A-13C shows the assembly sequence of
the rack into the carousel.

0023) FIG. 14 shows illustrative inventory racks.
0024 FIGS. 15A-15C shows an illustrative air extraction
process from an IV bag.
0025 FIG. 16 is a flow chart of an illustrative method for
air extraction from an IV bag.
0026 FIGS. 17A-17C shows an illustrative diluent bag
manipulator.
0027 FIG. 18 is a flow chart of an illustrative batch
mode method.

0028 FIG. 19 is a flow chart of an example of an
on-demand mode method that may be used by the device of
F.G. 1.

0029 FIGS. 20A-20D show illustrative operations for a
robotic manipulator to register a fill port with an IV bag in
needle-up and needle-down orientations.
0030 FIG. 21 illustrates an illustrative cleaning process
in an APAS cell.

0031 FIG. 22 shows an illustrative air flow system for
the process of FIG. 21.
0032 FIG. 23 shows an illustrative process for needle
cap removal.
0033) FIG. 24 shows an illustrative process for needle
removal.

0034 FIGS. 25A-25E show an illustrative process for
vial cap removal.
0035 FIGS. 26A-26C show cross-sectional views of an
illustrative pulsed ultraviolet (PUV) sanitizing system in the
APAS cell.

0.036 FIG. 27 is a block diagram of a control module for
the PUV sanitizing system of FIGS. 26A-26C.
0037 FIG. 28 shows a perspective view of an illustrative
embodiment for a PUV housing.
0038 FIGS. 29A-29C show cross-sectional views of an
illustrative PUV sanitizing system that accepts variously
sized objects to be sanitized in an APAS cell.
0039 FIGS. 30A-30F show cross-sectional views of an
illustrative PUV sanitizing system in an APAS cell.
0040 FIGS. 31A-31B are perspective cut-away views
showing details of portions of an air handling system in an
APAS cell.

0041 FIG. 32 is an illustrative block diagram of an
APAS Cell Air Handling Control system in an APAS cell.
0.042 FIG. 33 is an illustrative cut-away view showing
details of a carousel area in an APAS cell.

0.043 FIG. 34 is an illustrative view showing details of
a carousel trim panel in an APAS cell.
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0044

FIGS. 35A-35C show views of a product output

chute in an APAS cell.

004.5 FIGS. 36A-36B show views of a product output
chute AFOO in the course of releasing a product from an
APAS cell.

0046 FIGS. 37A-37B show an illustrative printer system
for an APAS cell.

0047 FIG. 38 shows an illustrative tray for the printer
system of FIGS. 37A-37B.
0.048 FIGS. 39A-39B show an illustrative waste bin area
for an APAS cell.

0049

FIG. 40 shows a softwall downdraft clean room

attached to the side of the APAS cell.

0050 FIG. 41 shows an illustrative APAS within a
hospital environment.
0051 FIG. 42 is a flow chart of an illustrative method for
an APAS process for the APAS of FIG. 41.
0.052 FIG. 43A is a flow chart of an illustrative order
intake method that involves creating an ASCII delimited file.
0053 FIG. 43B is a flow chart of an illustrative order
intake method that involves capturing print stream data.
0054 FIG. 44 shows an illustrative method by which
APAS software analyses a drug order to determine the fluid
transfer processing requirements.
0.055 FIG. 45 shows illustrative vial characteristics for
vials.

0056 FIG. 46 shows illustrative syringe characteristics
for Syringes.
0057 FIG. 47 shows three different-sized drug vials.
0058 FIG. 48 illustrates a use of gripper information to
verify a vial.
0059 FIG. 49 illustrates vial diameter confirmation
using gripper finger positional feedback.
0060 FIG. 50 shows an illustrative vial identification
station.

0061 FIGS. 51A-51B show an illustrative vial mixer.
0062 FIGS. 52A-52B show illustrative syringe manipu
lation at a syringe decapping station.
0063 FIGS. 53A-53D show illustrative stages of a
Syringe plunger maneuver.
0064 FIG. 54A shows an example of an IV bag on a
Syringe manipulator.
0065 FIG. 54B shows an example of an IV bag with air
Space.

0.066) FIGS. 55A-55B show illustrative images of IV
bags.
0067 FIGS. 56A-56B show an illustrative system for IV
bag identification and confirmation in an APAS cell.
0068 FIG. 57 shows an illustrative syringe cap tray.
0069 FIG. 58 shows an illustrative syringe cap tray
storage enclosure.
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0070 FIG. 59 shows an illustrative syringe capper sta
tion.

0071 FIGS. 60A-60B illustrate aspects of syringe cap
ping in an APAS cell.
0072 FIGS. 61A-61B show illustrative configurations of
syringe caps in the syringe cap tray of FIG. 57.
0.073 FIG. 62 shows an illustrative configuration of
syringe caps in the syringe cap tray of FIG. 57, where one
cap is misplaced.
0074. Like reference symbols in the various drawings
indicate like elements.
DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

0075 Various illustrative embodiments relate to process
ing medical items contained in containers, such as bags, vial,
and Syringes. Some embodiments involve automation of
processes to transfer fluids, compound pharmaceuticals and/
or package and prepare medical items.
0.076 An Automated Pharmacy Admixture System
(APAS) may include a manipulator that transports medical
containers such as bags, vials, or syringes about a Substan
tially aseptic admixing chamber. In a preferred implemen
tation, a gripper assembly is configured to Substantially
universally grasp and retain Syringes, IV bags, and vials of
varying shapes and sizes. In an illustrative embodiment, a
gripping device may include claws configured to grasp a
plurality of different types of IV bags, each type having a
different fill port configuration. Embodiments may include a
controller adapted to actuate a transport assembly to place a
fill port of the bag, vial or syringe into register with a filling
port such as a cannula located at a filling station, or be
equipped with carousel transport systems that are adapted to
convey bags, vials, and Syringes to the admixture system and
deliver constituted medications in bags, vials or syringes to
an egreSS area.

0077 FIG. 1 shows an illustrative Automated Pharmacy
Admixture System (APAS) cell 100 device for use within a
hospital pharmacy environment. The APAS cell 100 may
autonomously admix contents of Syringes and IV bags using
automation technologies. For example, embodiments of the
APAS cell I 00 may perform one or more operations that
might otherwise be performed by pharmacy staff within a
laminar airflow hood. The APAS cell 100 includes a robotic

cell that automates the compounding and dispensing of drug
doses into IV bags and/or syringes. Such as those that may
be prepared in hospital pharmacies. The robotic cell may use
a syringe-based fluid transfer process, and may employ a
robotic manipulator (e.g., a multiple degree of freedom arm)
for moving drug vials, Syringes, and IV bags through the cell
as the medications are processed.
0078 FIG. 2 shows illustrative equipment 200 that
allows an operator to load inventory, input control informa
tion, and/or retrieve syringes and/or IV bags from the APAS
cell 100 of FIG. 1. The APAS cell 100 includes a flat panel
monitor 202 which may be used by an operator, for example
a pharmacy technician, as a user interface to the APAS cell
100. The APAS cell 100 may include one or more flat panel
monitors 202, which may be used to input control informa
tion and/or output status information, for example. In this
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example, the flat panel monitor 202 may also act as a control
device to allow the operator, for example by touching the
indicators on a touch screen, to start, stop, and pause the
APAS cell 100. As an output device, the flat panel monitor
202 can be used in the monitoring of the status and alarm
conditions of the APAS by displaying, for example, a
message to the operator when a predetermined condition has
occurred. As another example, an operator may use the flat
panel monitor 202 to control the process of loading the
APAS cell 100 with the drugs needed to perform its com
pounding process. The operator may use the flat panel
monitor 202 as an input device, for example, to control the
cleaning of the APAS cell 100 in a step-by-step manner. The
flat panel monitor 202 may be used as an input and output
device, for example, by a pharmacy technician while train
ing the system for new drugs that are to be prepared in the
APAS cell 100.

0079. In conjunction with the APAS cell 100, a remote
user station (RUS) 206 may provide inventory control,
planning, and/or management and management functions.
The RUS 206 may include a workstation 208, inventory
racks 210, and inventory (e.g., drug containers) 212. The
workstation 208 may be interfaced to the APAS cell 100,
either directly or through a computer network (e.g., LAN,
WAN, MAN, wDAN), which may be part of a hospital
interface network in some implementations. The operator,
for example, may use the workstation 208 to review, add to,
prioritize, or amend drug orders and planned production for
the APAS cell 100. The operator may also use the worksta
tion 208 to plan and manage the compounding and/or
dispensing of drug dosages by the APAS cell 100, and/or to
report operations with regard to such processes. In another
example, the workstation 208 may be used in APAS cell
management to control the release of drug order queues to
cells for the compounding process, or to monitor the APAS
cell status during the compounding process. The workstation
208, and/or the APAS cell 100, may include hardware and/or
Software for scanning identifying indicia, such a bar code,
RFID tag, etc. . . . to facilitate the identification of inventory,
and/or the placement of the inventory on a rack.
0080. In this example, an operator may use the RUS 206
to coordinate the loading of inventory racks 210. The
inventory racks 210 may be loaded with inventory 212,
which may include vials of various sizes 214, 216, Syringes
218 and/or IV bags (not shown). In this embodiment, each
of the racks 210 may store only one type or size of inventory
items; however, different racks may be arranged to hold
inventory items of various sizes. In some embodiments, one
or more of the racks 210 may be configured to store multiple
sizes and/or types of inventory items. In this embodiment,
the racks 210 are arranged to store large vials 220, Syringes
222, or small vials 224. Further embodiments of racks 210

for storing inventory may include racks for IV bags, and
examples of such racks are described with reference to
FIGS. 5 and 14, for example. Each inventory item may be
manually placed within an appropriate Support, which may
include, for example, a retention clip, hook, shelf, bin, slot,
or pocket on the rack 210.
0081. The inventory 212 may be used as inputs to the
APAS cell 100, supplying it with vials, syringes, and/or IV
bags that may contain drugs and/or diluents needed by the
system for the compounding process. The APAS cell 100
may output Syringes and/or IV bags that have been prepared
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for use, for example, in dispensing drug doses to patients in
a hospital, health care facility, clinic, or for distribution on
an outpatient basis (e.g., in-home nurse visits).
0082 In some implementations, the inventory racks 210
may be pre-loaded (e.g., off-line in advance) with the
inventory 212 needed for input to the APAS cell 100. For
example, pre-loaded racks of commonly used inputs (e.g.,
saline IV bags) may be prepared to satisfy anticipated,
expected, or planned compounding production orders. Pre
loading may occur, for example, in an off-site warehouse
where the racks, drug inventory, and container inventory
may be stored. Some or all operations relating to the remote
workstation may be performed in work areas that have a
controlled environment, which may be a Substantially asep
tic environment. The computer device 208 may communi
cate with the APAS cell 100, and each may be programmed
to process and/or exchange information about historical,
current, and anticipated inventory, Supply schedules, and
demand information. The information may be used to pri
oritize, schedule, and order inventory to respond to and
satisfy production input requirements for one or more APAS
cell 100 systems, for example. In some cases, the APAS cell
100 may coordinate with a hospital inventory control system
to place orders automatically, for example, to maintain a
minimum level of inventory of certain inputs or outputs of
the APAS cell 100 based on historical and expected demand
information.

0083) In some examples, the APAS cell 100 may be
operated in a batch mode to produce Some number of
Substantially similar outputs. Such as cefazolin at a particular
dose and in a particular type of Syringe. In other examples,
the APAS cell 100 may be operated to be loaded with
inventory in situ 226. In situ loading may occur at Substan
tially any time to produce a typically limited number of
outputs, which may include a single dose, for example. In
situ loading may involve, for example, loading inventory
onto a rack in the APAS cell 100 without interrupting an
on-going compounding process, or when the APAS cell 100
is in an idle mode.

0084. In some embodiments may include two indepen
dently operable carousels. In one mode of operation, one of
the carousels can be operating to deliver inventory to the
processing chamber while the other carousel is being
unloaded or loaded. In a further embodiment, the APAS cell

100 may include three or more inventory delivery systems,
which may perform the same functions as the carousels,
examples of which are described elsewhere herein. In such
embodiments, one or more of the carousels may be operated
to deliver inventory while one or more other carousels are
being serviced or loaded/unloaded with inventory.
0085 For example, a pharmacy technician may use in
situ loading of the APAS cell 100 in response to a written or
electronically received order from a physician for a medi
cation that is needed quickly (which may be referred to as a
stat order or an on-demand order). The APAS cell 100 may
notify the technician what inputs need to be loaded to fulfill
the order. Knowing the items needed for the stat order, the
technician may load any inventory (e.g., drug vial, Syringe,
and/or IV bag) to perform the compounding and/or dispens
ing process in the appropriate rack(s) 210 and places the
rack(s) 210 onto a carousel (not shown here) in the APAS
cell 100. In another embodiment, the technician may load
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the inventory into unused locations in one or more racks that
are already on a carousel in the APAS cell 100. The
technician may input order information or instructions to
configure the APAS cell 100 to prepare to fulfill the stat
order.

0086). In some examples, the APAS cell 100 may have
stored in a memory or a database a recipe for compounding.
In Such cases, the operator may identify the recipe to be
recalled from memory. In other examples, a pharmacy
technician or operator may teach the APAS cell how to
process the inventory using a Software-driven user interface,
for example. The APAS cell 100 may learn new recipes
through a training mode, which may involve the user enter
ing command information via a graphical user interface
being displayed on the monitor 202. The operator may, for
example, indicate locations of inventory items on a graphi
cal map of the inventory system.
0087. In some embodiments, storage racks may be
scanned with a scanner (e.g., bar-code, RFID, etc . . . ) when
re-stocking inventory. Reports that may be printed by the
APAS or by printers associated with networked computers
(e.g., hospital pharmacy data input terminals) may include
bar-coded information that can be cross-referenced when,

for example, distributing drugs (e.g., to patients, hospital
carts, etc . . . ). Data stored in a memory accessible by a
computer system may include data associated with medical
items, authorized system users and associated access rights,
storage areas, and restock information. Authorized user
information may be associated with user identification infor
mation, such as biometric data, passwords, challenge-re
sponse authentication, as well as other mechanisms known
to those of ordinary skill in the art. In some implementations,
at least in Some modes, access to the storage chamber
requires an authorized user to enable access to the doors,
which may be unlocked in response to an authorized request
for access.

0088 Stored data may also include machine readable
indicia (e.g., 1 or 2 dimensional bar codes, RFID tag codes,
etc . . . ), text which may be read using OCR (optical
character recognition), and/or voice recognition informa
tion. Stored data about medical items may be include brand
name and/or generic name information. Medical containers,
including IV bags, vials, and/or syringes, may be labeled
with Such data in connection with restocking inventory in a
storage carousel or storage rack, for example, or in connec
tion with an output of a medical item individually or as a kit.
0089 FIG. 3 shows an illustrative top cut-away view of
the APAS cell of FIG. 1. The APAS cell 100 includes two

chambers. An inventory chamber 302 is used as an inventory
loading area, which can be accessed by an operator to load
the APAS cell 100 through a loading door (not shown). A
processing chamber 304 includes the compounding area in
which the admixture and/or compounding processes may
occur. In some embodiments, the processing chamber 304
provides a Substantially aseptic environment, which may be
an ISO Class 5 environment that complies with clean room
standards. Mounted on the exterior of the APAS cell 100 are

two of the monitors 202, which may serve as input/output
devices as described with reference to FIG. 2.

0090 The inventory chamber 302 includes two inventory
rack carousels 310 and 312 and a temporary inventory rack
314. The temporary inventory rack 314 may be used to
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locate in-process drug vials that contain enough material to
provide multiple doses. Each inventory rack carousel 310
may support multiple inventory racks 210. In some appli
cations, an operator may remove one or more racks from the
carousels 310, 312 and replace them with racks loaded with
inventory. The racks may be loaded onto the carousels 310,
312 according to a load map, which may be generated by the
operator for submission to the APAS cell 100, or generated
by the APAS cell 100 and communicated to the operator. The
chambers 302,304 are separated by a dividing wall 316, an
example of which is described with reference to FIG. 4.
0.091 The processing chamber 304 includes a multiple
degree of freedom robotic arm 318, and the robotic arm 318
further includes a gripper that can be used, for example, to
pick items from a pocket on a rack or to grasp items within
the APAS cell 100 for manipulation. An illustrative gripper
is described in further detail with reference to FIGS. 9-11.

The robotic arm 318 may respond to command signals from
a controller (not shown) to pickup, manipulate, or reposition
inventory items within the processing chamber 304, and in
or around the carousels 310,312. The robotic arm 318 may
manipulate inventory items, for example, by picking a vial,
IV bag, or syringe from a rack of the carousels 310, 312 in
the inventory chamber 302, and moving the item to a station
in the processing chamber 304 for use in compound prepa
ration. In some examples, the robotic arm 318 may manipu
late inventory items on the carousels 310, 312 through
access port 410 in the dividing wall 316. The dividing wall
316 may be substantially sealed so that a substantially
aseptic environment may be maintained for compounding
processes in the processing chamber 304.
0092 According to an illustrative example, an incoming
drug order from the RUS 206 involves a batch production
order for syringes to be charged with individual doses of a
drug that is reconstituted from a drug provided in one or
more vials. The operator, for example, may preload the drug
into the APAS cell 100 during a loading process by loading
the carousel 310 with inventory racks of the drug vials, and
by interfacing with the APAS cell 100 using the input/output
device 202 to initiate, monitor, and/or control the loading
process. As the APAS cell 100 is processing a previous
order, the operator may load the carousel 312 with inventory
racks of Syringes, drug vials, and IV bags for the next batch
production order while the APAS cell 100 is operating the
carousel 310. Once the loading process is complete, the
operator may submit the batch production process, which
may begin immediately, or after other processing is com
pleted.
0093. To execute the batch production, in this example,
the robotic arm 318 may pick a syringe from a pocket in a
rack in carousel 310. The syringe in the carousel may have
a needle and a needle cap. The needle cap is removed for
processing in the APAS cell 100. The robotic arm 318 may
convey the syringe to a decapper/deneedler station 320
where the needle cap is removed from the syringe/needle
assembly to expose the needle. The robotic arm 318 may
transfer the Syringe to a needle-up syringe manipulator 322
where a dose of the drug is drawn from a vial, which was
previously placed there by the robotic arm 318 after one or
more verification operations (e.g. weighing, bar code scan
ning, and/or machine vision recognition techniques). The
robotic arm 318 moves the syringe to the decapper/de
needler station 320 where the needle is removed from the
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Syringe and disposed of into a sharps container (not shown
here). The robotic arm 318 then moves the syringe to a
Syringe capper station 324, where the needleless Syringe is
capped. The robotic arm 318 moves the syringe to a scale
station 326 where the syringe is weighed to confirm the
predetermined dose programmed into the APAS cell. The
robotic arm 318 then moves the syringe to a printer and
labeling station 328 to receive a computer readable identi
fication (ID) label that is printed and applied to the syringe.
This label may have a bar code or other computer readable
code printed on it which may contain, for example, patient
information, the name of the drug in the Syringe, the amount
of the dose, as well as date and/or lot code information for

the inputs. The robotic arm 318 then moves the syringe to an
output scanner station 330 where the information on the ID
label is read by the scanner to verify that the label is
readable. The APAS cell 100 may report back to the RUS
206 using the hospital interface network, for use in opera
tions planning. The Syringe is then taken by the robotic arm
318 and dropped into the syringe discharge chute 332 where
it is available to the pharmacy technician, for example, to be
placed in inventory within the hospital pharmacy. As the
process continues, there may be times during the drug order
process where the robotic arm 318 removes an empty vial
from the needle up syringe manipulator 322 and places it
into a waste chute 333.

0094. In another illustrative example, a syringe may be
used for both as an input containing a fluid (e.g., diluent or
known drug compound) to be admixed in a compounding
process, and as an output containing a prepared dose Suitable
for delivery to a patient. Such a syringe may be needed to
fulfill a special reconstitution order programmed into the
APAS cell 100 via the input/output capabilities of the
monitor 202, for example. In another example, the order
may be a stat order, which may be received from a hospital
interface. In this example, the operator performs in situ
loading 226 by placing the Syringes to be used for both
reconstitution and dosing in pockets on a rack already
located on the carousel 310. The operator enters the recon
Stitution order into the APAS cell 100. The robotic arm 318

picks the selected Syringe from a pocket in the rack in the
carousel 310 and moves it to the decapper/deneedler station
320, where the needle cap is removed from the syringe/
needle combination, thereby exposing the needle. The
syringe is then transferred by the robotic arm 318 to a needle
down syringe manipulator 334. At the station 334, diluent is
drawn into the syringe from a diluent supply IV bag 336
previously placed there by the robotic arm 318. The diluent
supply 336 may be contained in an IV bag which is hung on
the needle down Syringe manipulator 334 by a clip, as shown
in FIGS. 6-7. An air extraction process may be performed to
prime the IV bag, if needed, the details of which are
described with reference to FIGS. 15A-15C. The syringe
then punctures the membrane of the diluent port 338
(another example of which is shown in FIG. 7) in a needle
down orientation. The Syringe is actuated to remove, for
example, a predetermined amount of the diluent from the IV
bag. The needle down syringe manipulator 334 then moves
a reconstitution vial 340, placed there previously by the
robotic arm 318, under the syringe. The diluent in the
syringe is transferred to the vial for reconstitution with the
vial contents. The robotic arm 318 then moves the vial to a

mixer for shaking according to a mixing profile. The robotic
arm 318 then moves the vial to the needle up syringe
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manipulator 322 where the appropriate amount of the recon
stituted drug is drawn from the vial into an “output' syringe
that was previously conveyed there by the robotic arm 318.
0095. In another embodiment, the APAS cell 100 may
receive a production order to prepare compounds that may
involve IV bags as input inventory items or as outputs. In
Some examples, an IV bag may be selected as a diluent
Source for reconstitution in a drug order to be output into
another medical container. In other examples, the selected
IV bag may be used for output after preparation of the drug
order is completed. Some IV bags may be placed on the
carousel 310, 312 and used as an input that may be at least
partially filled with a diluent that may be used to reconstitute
drugs. The reconstituted drugs may be output in the form of
charged syringes or IV bags. The operator loads racks of
syringes and IV bags into the carousel 310 for use in the
production order. During the production order, the robotic
arm 318 picks an IV bag from a rack on the carousel 310 and
moves it to the scale and bag ID station 326. At this station,
the IV bag is identified by bar code or pattern matching and
its weight is recorded. This may be done, for example, as an
error check, and/or to positively identify the type and/or
volume of diluent being used for reconstitution. If the IV bag
is selected as a diluent source, then the bag may be weighed
before use to confirm the presence of the diluent in the IV
bag. If the IV bag is selected for output, it may be weighed
multiple times, such as before, during, and/or after each fluid
transfer step, for example. As a post-transfer verification
step, the weight may be re-checked after fluid transfer
operations have occurred to determine if the change in
weight is within an expected range. Such checks may detect,
for example, leaks, spills, overfills, or material input errors.
In this example, the robotic arm 318 moves the IV bag to a
port cleaner station 340 where a pulsed ultraviolet (UV)
light or other sanitizing process may be used to Substantially
sterilize, disinfect, and/or sanitize at least a portion of the IV
bag port. The robotic arm 318 moves the IV bag to the
needle up syringe manipulator 322 where a pre-filled Syringe
has been loaded. As in examples described with reference to
FIGS. 17A-17C, the IV bag may be inverted so that the fill
port is oriented downwards for the fill process. The contents
of the syringe may then be injected into the IV bag. The
robotic arm 318 then conveys the IV bag to the scale station
326 where the IV bag is weighed to confirm the predeter
mined dose programmed into the APAS cell. The robotic
arm 318 then moves the IV bag to a bag labeler tray station
342 where a label printed by the printer and labeling station
328 is applied to the IV bag. The robotic arm 318 may move
the IV bag to the output scanner station 330, where the
information on the ID label is read by the scanner to verify
that the label is readable. One or more further verification

checks may be performed, examples of which are described
elsewhere herein. The IV bag is then taken by the robotic
arm 318 and dropped into the IV bag discharge chute 344
where it is available to the pharmacy technician, for
example, to be placed in inventory within the hospital
pharmacy.
0096. In another embodiment, a vial (or other medical
item or container) may be prepared for reconstitution. Dur
ing the performing of this process by the APAS cell 100, the
vial may be identified at a vial ID station where, for
example, a bar coded label on the vial may be read by a
scanner and/or image hardware in combination with image
processing Software. The captured information may be pro
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cessed to identify the contents of the vial and correlate it to
what is expected. In some implementations, as an alternative
to or in combination with bar code scanning, the APAS cell
100 may employ pattern matching on the vial using optical
scanning techniques. Also, in the reconstitution process, vial
mixers 346 may be used to mix the vial contents with the
diluent before using it for dosing.
0097. In some embodiments, the robotic manipulator
may include apparatus for reading machine readable indicia
in the APAS, including the compounding chamber and/or the
storage chamber. For example, the manipulator may include
a fiber optic camera for taking images that can be processed
to compare to stored image information (e.g., bitmaps). In
other examples, the reading apparatus may include optical
scanning (e.g., bar code) or RFID (radio frequency identi
fication). Some embodiments may transmit image informa
tion wirelessly (e.g., using infrared or RF (radio frequency)
transmissions) to a receiver coupled to the APAS. Such a
receiver may be located inside or outside the chamber with
the robotic manipulator. Such a reader may be used to read
machine readable indicia at various locations in and around

the compounding chamber, including through windows and
on portions of the storage carousels that are exposed to the
compounding chamber.
0.098 FIG. 4 shows a perspective cut-away view 400 of
an illustrative APAS, an example of which is the APAS cell
100, shows details of the apparatus for handling Syringes and
IV bags in the APAS cell. The handling apparatus delivers
inventory, including various sizes and types of Syringes,
vials, or IV bags, to be grasped by the robotic arm 318 in the
processing chamber 304. An operator or technician may
load/unload inventory racks that store the inventory until
delivered to the robotic arm 318. In this example, the
carousels 310,312 may store syringes, vials, and/or IV bags,
for example, for use in processes performed in the APAS cell
100. The partial view 400 of the APAS cell 100 is shown
with the much of the processing chamber 304 removed to
show the robotic arm 318 and how it can access the

inventory chamber 302.
0099] The inventory chamber 302 is shown in this
embodiment with loading doors 404, which may be opened
to load or remove a rack from either of the carousels 310,

312. The operator puts the APAS cell 100 into a loading
mode to control a carousel by indexing it away from the
robot access position where the curved wall 408 allows a
portion of the carousel rack to be presented to a robot access
port 410, which is in a portion of the dividing wall 316. The
carousels 310, 312 may rotate to align the rack stations on
the carousel with the loading doors 404 to allow rack
loading access 412. The carousel can be commanded by the
operator to position any one of the rack positions in align
ment with the loading access port 412. A rack that is aligned
with the access port 412 can be removed and replaced with
a rack containing a full load of inventory, or a rack may have
its inventory replaced in situ, loading inventory into as little
as a single pocket at a time. The racks can be reloaded in any
combination of individual racks, including replacing all the
racks at one time. At the conclusion of the rack loading, the
operator may indicate via the touch screen that the APAS
cell loading process is complete. This initiates a cycle where
the carousel rotates through a 360-degree rotation to allow
a barcode reader adjacent to the carousel to read a barcode
(e.g., barcode 1408 of FIG. 14) on each of the racks. This
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allows the system to update the inventory data and correlate
racks and inventory with carousel position information.
0100. In this example, the dividing wall 316, which
includes the curved wall 408, that separates the inventory
chamber 302 from the processing chamber 304 may allow
carousel 310, for example, to perform compounding pro
cesses within a Substantially aseptic environment within the
processing chamber 304, even while the operator is loading
carousel 312. In an in situ process, for example as described
with reference to FIG. 2, the loading of carousel 312 with
the stat order may be carried out while the APAS cell 100 is
operating out of carousel 310. The dividing wall 316 may be
designed to substantially minimize airflow between the
inventory chamber 302 to the processing chamber 304.
Similarly, an airflow restriction may be set up at the loading
door 404 in the inventory chamber 302 to restrict air
exchange with ambient air when the rack is in the rack
loading position (e.g., aligned with the access port 412) and
the door 404 is open, for example.
0101. In one embodiment, the loading door 404 may be
coupled to an interlock that requires the loading door 404 to
be closed during each advance of the carousel 312 for
operator safety. Such an embodiment may also help reduce
uncontrolled air exchanges in or out of the inventory cham
ber 302 while the carousel 312 is rotated.

0102 FIG. 5 shows an illustrative inventory system 500
that expands the inventory area that the robot can access for
picking inventory (e.g., drug vials, Syringes, and/or IV bags)
that may be processed through the cell of an automated
system, such as the APAS cell 100, for example. This
inventory system 500 includes one or more carousels 502 for
mounting the inventory. The carousels 502 may be posi
tioned within the robot travel range such that the robot can
access the full height of the racks on the carousel 502. The
inventory is placed in a finite number of vertical racks 504
of the type shown in FIG. 2 that are placed around the
periphery of the carousel. In this example, the carousel 502
includes twelve racks, but the design can accommodate any
number of racks, including partial length (e.g., half-length)
racks, for example. The rack size and configuration depends
on the size of the inventory items or the user requirements
for inventory quantity. All of the racks can be moved within
the reach range of a robot arm 506 by rotating the carousel
through 360 degrees with discrete stops for each rack.
Positioning of the inventory locations may involve repeat
ably positioning the racks on the carousel and repeatably
pre-programmed stopping of the carousel rotation at each
rack location.

0103) As for examples described with reference to FIGS.
12-13, the racks may be readily exchanged from the carousel
for refilling. The racks are universally interchangeable in
terms of position on the carousel, so that they can be
removed and refilled and reinstalled in any order. FIG. 5
shows the racks as being all the same size and style, however
the inventory may be separately stored on racks for each size
of IV bag. Similarly, the racks can be configured for each
size of Syringe or combinations of Syringe and size quantity.
0104 Racks for the drug vials may also be configured to
handle the full range of vial sizes. Some vial racks may be
dedicated to large Volume vial sizes, and some may be
sectioned to handle two or more vial sizes in quantity. The
diversity of the racks and the interchangeability of them
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allow the cell to be loaded with inventory for batch pro
cessing of a large number of doses of one type of drug or a
diverse range of drugs that can be processed on demand and
the mode of use can be switched from load to load of

inventory. Alternatively, for example, batch processing may
pull inventory from one carousel and on-demand orders may
pull inventory from a second carousel.
0105 Extra racks can expand the possible range of inven
tory in the cell, and in situ (e.g., online) replenishment of the
inventory in the cell can be accomplished with multiple
carousels (two or more). Downtime of the cell may be
Substantially minimized by reloading one of the carousels as
the other one is emptied and the cell is feeding off the other.
0106. In this example, the carousels are substantially
circular and rotate around a vertical axis. In other embodi

ments, the carousels may be configured to rotate around a
horizontal axis, and racks may be vertically or horizontally
arranged. In some embodiments, the carousel may have a
cross-section that is substantially elliptical, rectangular,
square, triangular, or other polygon Suitable for presenting
racks of inventory to a robotic arm. In some embodiments,
the central portion of the carousel may rotate around an axis.
In other embodiments, racks may be affixed to a belt that is
continuous or segmented (e.g., chain) and Supported by two
or more vertical or horizontal shafts that rotate as the racks

are indexed into position, or they may be Supported by one
or more Support members that are Supported by and/or
extend from a rotating hoop or shaft.
0.107 The control electronics may receive a unique elec
tronic rack identification (e.g., hall sensor, encoder, bar code
reader, pattern recognition, etc . . . ) to identify the rack in
each location on the carousel. This position information may
be used to coordinate the rotation of the carousel to facilitate

loading/unloading inventory, as well as Supplying inventory
to the robotic arm for processing.
0108. In some embodiments, an APAS cell controller
may relate the stopping position of the carousel during
loading to the location of each rack. Accordingly, the con
troller may automatically determine and monitor the inven
tory content at each inventory location on the carousel. In
Some examples, the controller may monitor the inventory
location information Substantially without operator input.
0.109. In an illustrative embodiment, the APAS cell may
include fill port holding and grasping features that allow IV
bags of all sizes to be manifested, or registered, accurately
in the inventory system so they can be picked up and moved
by the robot and parked in other stations in the cell. These
fill port holders may be provided to repeatably control the
location of the ports so that the robot gripper can grasp the
bag by the fill port and move the IV bag from station to
station in the cell, and accurately plunge it onto a needle to
inject the dose. With minor modifications these features can
be adapted to suit IV bags from all of the major manufac
turers, each of which may provide a unique geometry.
0110 Illustrative devices for retaining the fill ports of IV
bags that are commercially available from Baxter 600 and
Abbot 602 are shown in FIGS. 6A-6C. The illustrative

retaining devices, or retention clips, include Substantially
rigid holders 604 and 606, respectively. For these holders
604, 606, the compliance of the fill port allows the fill port
to be slightly deformed while inserting it into the holder.
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0111. In various embodiments, the interference between
the engaging Surfaces of the holder and the fill port may
result in a frictional force sufficient to retain the fill port in
the holder after insertion. Embodiments of the holder may be
designed to pick up the bag fill port to give a unique
registration on a geometrical feature of the bags that is
consistent from bag to bag and throughout the full range of
bag sizes from each IV bag manufacturer.
0112 Another illustrative embodiment of a compliant
holder 700 is shown in FIG. 7. That design or a variant of
it may be used on bags including a fill port 702 constructed
of rigid material or for high Volume usage stations in the cell.
An example of Such a station may include a weigh Scale
hook or tray near the station. The robot may locate the bags
to be weighed on the scale one or more times during
processing.
0113 An example of the IV bag holder installed in the
inventory racks 224 in FIG. 2, is shown in FIG. 8, which
includes a front view 800 and a side view 802. The front

view 800 and the side view 802 show how an IV bag 804,
for example a Baxter bag 600, may slide into a pocket 806
in the inventory rack 224 and how fill port 810 may be fixed
to the inventory rack 808 by inserting the fill port 810 into
a fill port holder 812.
0114. The robot may be programmed to pick the IV bag
from the holder location by the fill port 810, as shown in a
perspective view 900 and a side view 902 in FIG. 9.
0115) In this example, the robot gripper 904 grasps the fill
port 810 both above and below the bag holder 812 with
two-jawed gripper fingers 906 to provide a reliable grip and
provide alignment of the port with respect to the gripper
axes. The robot gripper fingers move in a lateral direction
908 to grasp the fill port 810. Removal of the bag is
accomplished by moving the gripper straight away from the
holder (substantially parallel to the plane in which the body
of the holder lies) to disengage the fill port from the holder
812. Upon disengaging the fill port from the holder 812, the
robotic manipulator may then draw the bag out of the slot in
a suitable motion.

0116. The robotic manipulator may grasp the fill port of
an IV bag using gripper fingers. FIG. 10 shows an illustra
tive set of gripper fingers 1000. The gripper fingers 1000 can
perform multiple operations, including handling IV bags,
but also handling other items, such as vials and Syringes of
various sizes and types.
0117 The gripper fingers 1000 provide a multi-purpose
design where the ends of the finger jaws have a Substantially
semi-circular cutout 1002 to retain or grasp the fill ports on
the IV bags and/or Syringes. The semi-circular jaw design
may substantially conform to the general shape of IV bag fill
ports. In various embodiments, the gripper fingers may be
sized and shaped to grasp and handle various IV bag fill
ports, and may be designed to Support the weight of rela
tively heavy fluid-filled IV bags without damaging or
deforming the port to an unacceptable level.
0118. As can be seen with reference back to FIG. 9, the
gripper fingers may include an upper and a lower set of
opposing jaws. The spacing between the upper and lower set
may be sufficient to grasp the fill port above and below the
holder 812, respectively.
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0119). In some embodiments, one or more support mem
bers (not shown) may extend above and/or below the top
and/or bottom surfaces of the inner diameter of the cutouts

1002. Such support members may provide additional surface
area for engaging the fill port, which may distribute the force
applied to the fill port across a larger area of the fill port
when the gripper fingers are inserting or removing the fill
port from the holder 812. Such support members may also
provide additional friction, if needed, to support heavier IV
bags.

0.120. To accommodate fill ports from various manufac
turers, interchangeable gripper fingers may be provided. A
gripper finger exchange station may be provided in the
processing chamber 304 of the APAS cell 100, for example.
To exchange one gripper finger 1000 for a different type of
gripper finger based on the type of IV bag to be handled, the
robotic arm may release one set of the gripper fingers 1000
in exchange for a second set having different sized cutouts
1002 to handle a different type of IV bags, for example. The
releasable coupling between the gripper fingers and the
robot arm may involve an electromagnet, one or more
screws or bolts, and/or finger-operated spring mechanisms.
0121 Alternatively, a universal interface to the robotic
manipulator may be provided by using retention clips that
have a uniform coupling interface to the robotic arm, but are
adapted to adjust to, or are custom-sized for, IV bag fill ports
of various types. Such clips may be attached to the fill ports
outside of the APAS cell, and may be recycled for re-use
after the IV bag has been processed by the APAS cell 100.
0122) A second jaw area 1004 provides a general-purpose
V-shaped portion of the jaw that may be used to grasp a wide
range of sizes of rigid Syringes and vials as shown in FIG.
11. The dual finger design 1100 may operate the opposing
jaws in a coordinated (e.g., mirror image) movements to
grasp the items, for example an IV bag 1102, a vial 1104 or
a syringe 1106, so that the item may substantially self-align
with the gripper axes.
0123. In some embodiments, force feedback may be used
in combination with position sensing (e.g., using potenti
ometers, encoders, etc . . . ) to coordinate and control
grasping of the gripper fingers with the robot arm move
ments so that the robot may grasp, retain, and release items
in a coordinated fashion. Force feedback and gripper finger
position sensing may be monitored to determine whether an
item to be grasped is where it is expected to be, and whether
it has the proper dimensions. For example, if force feedback
indicates that that outer diameter of a syringe barrel is 10%
larger than expected, then the APAS cell 100 may notify the
operator of an error. As another example, if a syringe is too
Small for the pocket on the rack of the carousel, and is
therefore tipped out an unexpected angle, then the force
feedback and gripper finger position sensing may be able to
detect such a condition and cause the APAS cell 100 to

notify the operator.
0.124. The engaging surfaces of the cutout 1002 and/or
the V-shaped portion 1004 may be arranged to be smooth or
textured. The gripper fingers may be constructed of metal,
plastic, or a combination thereof. Some embodiments may
include, for example, a non-Smooth textured surface, which
may include rubber or other gripping material, on at least a
portion of the engaging Surfaces. For example, the jaw area
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1004 may have a roughened surface to provide the gripper
fingers 1000 with a more secure grip on the barrels of plastic
Syringes, for example.
0125. In this example, the gripper fingers 1000 further
include notches located at the apex of the V-shaped portion
1004. These may be used for various purposes, such as
needle Support and/or straightening.
0126 FIG. 11 illustrates the flexibility of the gripper
fingers 1100 for illustrative handling of various inventory
items. One set of the gripper fingers 1100 can handle the IV
bag 1102, a vial 1104, and a syringe 1106. As such, the
gripper fingers 1100 may be used to perform a wide variety
of operations in the APAS cell 100, for example. For
example, the gripper fingers can accommodates vials and
Syringes having a wide range of sizes, shapes (e.g., need not
be circular), weights, materials (e.g., plastic, glass, metal).
The gripper fingers 1100 are also able to handle vials and
Syringes, for example, independent of the items spatial
orientation.

0127 FIGS. 12A-12D show an illustrative carousel and
rack system for lock loading of the rack within the carousel
of the APAS cell 100. The inventory rack carousel, an
example of which is the carousel 310 in FIG. 3, has features
at its top and bottom to engage the inventory racks, and
permit quick exchanges of racks on the carousel.
0128 FIG. 12A shows the geometry for a carousel upper
plate 1206 on a carousel 1200 to engage the racks. The
carousel upper plate 1206 includes a rack alignment tongue
1202 and a rack retention slot 1204. FIG. 12B shows the

geometry for an upper end of a rack 1212 that mates with
and engages with the carousel 1200. The upper end of the
rack 1212 has a rack upper end plate 1214 on a rack housing
1216 that provides features such as a retaining tongue 1218
and a lateral registration groove 1220 that help to engage the
rack aligminent tongue 1202 into the rack retention slot 1204
to provide both lateral registration and retention of the rack
in the carousel 1200. This engagement is accomplished by
having the lateral registration groove 1220 on the rack upper
end plate 1214 engage the rack alignment tongue 1202 on
the carousel upper plate 1206. The upper end of the rack
1212 is retained in the carousel by having the retaining
tongue 1218 on the rack 1212 engage the rack retention slot
1204 in the rack alignment tongue 1202 on the carousel
12OO.

0129. In this example, the lower end of the rack 1212
uses a similar tongue and groove alignment feature as the
upper end of the rack 1212. FIG. 12D shows the geometry
for a carousel lower plate 1238 on a carousel 1200 where the
racks engage. The carousel lower plate 1238 includes a rack
alignment tongue 1234 and rack retention rollers 1236. FIG.
12C shows the geometry for a lower end of the rack 1212 for
engaging with the carousel 1200. The lower end of the rack
1212 has a rack lower end plate 1224 on a rack housing 1226
that provides features such as a retaining face 1228 and a
lateral registration groove 1230 that help to engage the rack
alignment tongue 1234. The rack retention rollers 1236 on
the carousel lower plate 1238 are used to help guide the
lower end of the rack 1212 into the carousel 1200. The lower

end of the rack 1212 is engaged in the carousel 1200 by
having the lateral registration groove 1230 on the rack lower
end plate 1224 engage the rack alignment tongue 1234 on
the carousel lower plate 1238. This provides the rack with
lateral alignment and registration.
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0.130 FIG. 13 A-13C shows an assembly sequence of
loading a rack 1212 into a carousel 1200. FIG. 13A shows
a first step 1300 in the assembly sequence where the rack
1212 is first engaged at the top in the carousel upper plate
1206. Next the rack 1212 can slide into the carousel 1200 by
traveling over the rack retention rollers 1236 on the carousel
lower plate 1238. FIG. 133 shows a second step 1302 in the
assembly sequence where the rack 1212 is fully inserted into
the carousel 1200. The rack 1212 has traveled over the rack

retention rollers 1236 on the carousel lower plate 1238
engaging the rack alignment tongue 1234 within the lateral
registration groove 1230, shown in FIG. 12. Now that the
rack is fully inserted, FIG. 13C shows the last step 1304 in
the assembly sequence where the rack 1212 is slid down and
engages behind the rack retention rollers 1236 on the
carousel lower plate 1238 and the rack alignment tongue
1202 on the carousel upper plate 1206 is engaged at the top.
The rack 1212 can be lowered into the carousel 1200 so that

the retaining face 1228 on the rack lower end plate 1224, as
shown in FIG. 12, drops behind the rack retention rollers
1236 on the carousel lower plate 1238 and forms a captive
retention in the carousel.

0131 Removal of the rack from the carousel is substan
tially the reverse operation of the insertion. The rack 1212 is
first lifted toward the carousel upper plate 1206, and then the
lower end of the rack 1212 is rotated outwards. This

disengages the retaining tongue 1218 from the alignment
tongue 1202 in the carousel upper plate 1206 allowing the
rack to then be free of the carousel.

0.132. In some embodiments, the carousel upper plate
1206 and the carousel lower plate 1238 may be replicated
one or more times in a rack channel to provide for multiple,
partial length racks instead of a single, full-length rack.
Partial length racks may be provided at one or more posi
tions on the carousel. A single partial length rack may be
exchanged independently from other racks, thus avoiding
exchanges of an entire rack to replace only a small portion
of the inventory stored on that rack. Partial length racks may
be advantageous, for example, for racks containing inven
tory that is physically heavy for an operator to lift and load
onto a carousel. Partial length racks may also be advanta
geous for certain inventory that is less frequently used, for
example. In some installations, a mix of partial and full
length racks may be advantageous to optimize inventory
management.

0133. In another embodiment, a rack 1212 may be modi
fied as a shell arranged to Support two or more insertable
mini-racks. The mini-racks may be inserted and removed
from the shell in a substantially similar manner as described
above with reference to FIGS. 12A-12D and 13 A-13C. The

shell rack may be easily exchanged to permit the full-length
racks to be used as needed to provide flexible inventory
management.

0.134 FIG. 14 shows an illustrative set of inventory rack
designs 1400 that may be used to hold inventory (e.g., drug
containers) 212, as shown in FIG. 2, to be used by the APAS
cell 100 in its compounding process. The set of inventory
rack designs 1400 includes, but is not limited to, three styles:
a rack 1402 designed to be loaded with IV bags, a rack 1404
designed to be loaded with vials, 1404 or a rack designed to
be loaded with syringes 1406. In this example, only one type
of drug container is Supported on each rack. However, in
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other examples, a single rack may contain a combination of
various sizes and types of Syringes, vials, and/or IV bags.
0135 Each inventory rack style may contain multiple
designs to accommodate the different sizes of each of the
drug container types to be loaded on the racks. An inventory
rack design may accommodate one size of a specific drug
container or may accommodate a select number of sizes of
a specific drug container. Examples of IV bag rack designs
include, but are not limited to, a rack that can be loaded with

up to four 1000 milliliter (ml) Baxter IV bags, a rack that can
be loaded with up to eight 500 ml or 250 ml Baxter IV bags,
in any combination, and a rack that can be loaded with up
to twelve 100 ml and 50 ml Baxter IV bags, in any
combination. Examples of vial rack designs include, but are
not limited to, racks that can be loaded with up to eight 100
ml vials, up to eighteen 50 ml vials and up to twenty-two 20
ml vials. Another example rack design for vials can be
loaded with fifty-eight 5 ml to 2 ml, in a combination of up
to thirty 5 ml to 4 ml vials and up to twenty-eight 2 ml vials.
Examples of Syringe rack designs include, but are not
limited to, racks that can be loaded with up to eight 140
cubic centimeters (cc) Monoject Syringes, up to twelve 60 cc
BD or Monoject syringes, up to fourteen 30 cc BD or 35 cc
Monoject syringes, up to eighteen 20 cc BD or Monoject
syringes, up to thirty-three 12 cc to 1 cc BD or Monoject
Syringes, or any of these in combination. Monoject Syringes
are commercially available from Tyco medical of Massa
chusetts. BD syringes are commercially available from
Becton Dickson of New Jersey.
0136 Each inventory rack has an electronically readable
label 1408 attached to it for identification purposes. As an
example, the electronically readable label 1408 may contain,
for example, a bar code which can be scanned with a bar
code scanner located adjacent to the carousel 310,312 in the
inventory chamber 302. The bar code may include, or be
associated with information stored in an information reposi
tory, information about the contents of the rack that can be
used by the APAS cell, for example, to update the inventory
data and correlate racks and inventory with carousel posi
tion.

0137 In another embodiment, the drug containers may
have attached to them electronically readable labels, for
example bar code labels, which contain information about
the amount and type of drug in the container. The drug
containers may be Syringes, IV bags, or vials that contain a
drug or a diluent needed for a reconstitution process by the
APAS cell. Each inventory rack may also have, for example,
a bar code label at each pocket within the rack as well as a
label on the rack itself, as described above. An operator,
using a hand-held bar code scanner, may scan each drug
container prior to placing it in the rack pocket and then they
may scan the pocket label. In conjunction with the loading
of the rack, the operator may scan the bar code on the rack.
The data from this scan may be transferred to the APAS cell
100 for use in its reconstitution process. The data may
indicate the exact location of a drug or diluent within a rack
on a carousel.

0138 FIGS. 15A-15C illustrate apparatus and processes
for extracting air and diluent from an IV bag. A process of
extracting gasses from the IV bag permits the IV bag to be
used for automated fluid transfer operations, and operations
with a syringe in a needle down orientation in particular
embodiments.
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0.139. In this example, an IV bag is registered to have its
fill port 1502 punctured by a needle down syringe manipu
lator 1504, an example of which is the manipulator 334 that
was described with reference to FIG. 3. In each of FIGS.

15A-15C, two IV bags are shown as being retained by a
corresponding retention clip that is holding an IV bag fill
port. The retention clips may be similar to those described
with reference to FIGS. 6-8.

0140. The IV Bags as received into hospital inventory
may be filled with a diluent, for example, 0.9% saline
solution, sterile water or a dextrose mixture. To the extent

that an IV bag to be processed in the APAS cell contains
Some gas, which may appear as a headspace in the IV bag,
there is capacity to receive a drug that is injected into the IV
bag. For example, a pharmacy technician using a drug filled
Syringe may inject its contents into the IVbag by penetrating
the membrane on the IV bag port with the syringe needle.
The IV bag then contains the dose needed. However, the
APAS cell may also use an IV bag as a source of diluent in
a drug reconstitution process where the drug is contained
(e.g., in a liquid or dry form, Such as a powder) in a vial. For
example, the APAS cell 100 may reconstitute a drug in a vial
by extracting a predetermined amount of diluent from the IV
bag and injecting it into the vial.
0.141 FIG. 15A shows an illustrative stage of the recon
stitution process that may occur at the needle down Syringe
manipulator station 1504. The needle down syringe manipu
lator station includes a retention clip 1506, an IV bag 1508
having the fill port 1502 that is registered by the clip 1506,
a fluid transfer syringe 1510 oriented with a needle 1514 in
a down position for puncturing the fill port 1502. The
retention clip 1506 is mounted to an indexer 1512 that can
laterally and/or vertically position the fill port 1502 relative
to the needle 1514.

0142. At the station 1504, the fill port 1502 is registered
by a retention clip 1506 to permit a puncture motion relative
to the needle 1514. In some embodiments, a quick puncture
motion may be used to reduce the volume of air that may be
entrained with the needle into the IV bag 1508. The weight
of the IV bag 1508 may be supported by the retention clip
1506, although part or substantially most of the weight of the
IV bag may also be supported by a horizontal shelf that the
IV bag can rest on.
0143 With the IV bag oriented so that the fill port 1502
is up, air (or other gasses) may rise toward the fill port 1502.
To substantially avoid drawing gas from the IV bag 1508
into the syringe 1510 during a fluid transfer operation, a
process for extracting substantially all of the air from the IV
bag may be performed. The process may be terminated when
all of the air has been drawn out of the IV bag 1508 and the
syringe 1510 is drawing fluid. The syringe 1510 at the needle
down syringe manipulator station 1504 can extract the air
reliably by monitoring the Syringe plunger manipulator (not
shown here).
0144) Based on the relative motion of the syringe plunger
and/or the force required to move the plunger, a controller
may be configured to determine when substantially all of the
gas has been withdrawn from the IV bag 1508. The con
troller may receive input from sensors that may be inter
preted to indicate a different force or speed, for example, that
results when transferring air compared to transferring fluid.
For example, if the plunger is being withdrawn at a constant
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speed, then the pull force on the Syringe plunger (not shown)
may increase measurably when Substantially all of the air
has been extracted and fluid starts to be withdrawn from the

IV bag 1508 and into the syringe 1510. As another example,
if the plunger is being withdrawn at a constant pull force or
at a substantially constant excitation (e.g., terminal Voltage
for a DC motor), then the speed of the Syringe plunger may
decrease measurably when the last of the air has been
extracted and fluid starts to be withdrawn from the IV bag
1508 and into the syringe 1510. Force on the syringe plunger
may be monitored, for example, by Strain sensors, torque
sensors coupled to the motor shaft, and/or motor current. A
Sudden increase in current to the motor, for example, may
indicate the transition from extracting air to extracting fluid.
Speed may be measured or determined using various speed
sensing techniques such as, for example, encoders, resolv
ers, multi-turn potentiometers, linear potentiometers, hall
sensors, commentator noise, end-stop limit detection, limit
Switches, and the like, or a combination of Such elements.

Changes in speed may be determined from position mea
Surements taken over time intervals.

0145. In an alternative embodiment, a change in force
may be detected when air is transferred into the IV bag 1508
from a syringe. For example, a selected Volume of air and/or
fluid may be transferred out of the IV bag 1508 and into the
syringe. The volume transferred out of the IV bag 1508 may
then be transferred back into the IV bag 1508. A change in
force on the Syringe plunger can be detected and recorded.
The detected change in force may correspond to a transition
between transferring air/fluid. The Syringe plunger may then
be pulled back to the point of the air and fluid transition point
resulting in a primed IV bag.
0146 In another embodiment, the withdrawal of fluid
may be detected optically, for example, by an optical sensor
monitoring light passing through the fill port 1502 and/or the
Syringe 1510. The light intensity passing through the Syringe
may change when the material being extracted into the
Syringe changes from gas to a liquid. Optical detection may
be used alone, or in combination with Syringe plunger force
and/or speed monitoring.
0147 In some embodiments, a known volume of air may
be transferred out of the IV bag and into the syringe. This
Volume of air may be an amount that is greater than the
expected Volume of air. The Syringe may then be weighed to
confirm that there is some fluid in the barrel, indicating that
the IV bag has been primed. The syringe may then be
discarded.

0.148. According to one implementation, a reconstitution
process may be performed in the APAS cell 100, for
example, by the robotic arm 318 placing the IV bag 1508 in
the clip 1506 at the station 1504. The IV bag 1508 may hang
by its fill port 1502 on the indexer 1512 of the needle down
syringe manipulator station 1504. The indexer 1512 may
move the IV bag 1508 to a position under the syringe needle
1514. The IV bag port 1502 may then engage the syringe
needle 1514. The syringe plunger may be withdrawn so that
air is drawn out of the IV bag and into the syringe 1510. The
Syringe plunger may be withdrawn until the change in
torque, for example, is detected and, in some embodiments,
for some additional time to give margin on the draw result
ing in a small amount of fluid draw and/or an IV bag that is
negatively pressurized relative to ambient pressure. The
indexer 1512 then lowers the IV bag 1508.
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0149 FIG. 15B shows another illustrative stage of the
reconstitution process that may occur at the needle down
syringe manipulator station 1504. The indexer 1512 moves
the IV bag 1508 with the air removed to a position that puts
a waste vial 1516 under the syringe needle 1514. The waste
vial 1516 is then raised by the indexer 1512 to a position
where the syringe needle tip is just inside the vial neck. The
Syringe plunger is then driven causing air and any fluid to be
expelled from the syringe 1510 into the waste vial 1516.
0150. In FIG. 15C, the indexer 1512 is lowered and
repositioned so that the IV bag 1508 is under the syringe
needle 1514 and is ready to draw diluent. During a needle
down diluent draw, Some Small amount of air may drawn
into the Syringe (e.g., microbubbles) along with the liquid
or fluid.

0151. The needle down syringe manipulator station 1504
may be operated, for example by a programmed controller
in the APAS cell 100, to performan illustrative method 1600
for extracting gas from an IV bag according to the flow chart
of FIGS. 16A-16B. This method 1600 may, for example, be
applied in preparation for drawing diluent from the IV bag
to reconstitute a drug.
0152. When the method 1600 of this example is per
formed, the indexer 1512 moves the IV bag 1508 at step
1602 to a position under the syringe needle 1514, and the IV
bag fill port 1502 is engaged on the syringe needle 1514 in
preparation for a diluent draw. At step 1604, the APAS cell
100 controller determines whether or not the IV bag is
considered new.

0153. If the controller determines that the IV bag is new,
then, at step 1606, the controller actuates the Syringe plunger
to draw air out of the IV bag 1508, as described with
reference to FIGS. 15A-15C. The syringe plunger manipu
lator 1504 may pull the Syringe plunger while monitoring,
for example, the torque at step 1608 for, in some embodi
ments, a step change indicating that the all of the air has been
pulled into the Syringe and fluid is now being pulled. It may
also monitor at step 1610 the Syringe plunger making Sure it
does not reach its end of travel before all of the air has been

pulled from the IV bag. If the plunger has not reached the
end of its travel, then step 1608 is repeated.
0154) If, at step 1610, the plunger has reached the end of
its travel, then the waste vial is moved proximate the Syringe
at step 1620, the air is expelled from the syringe at step 1622.
In this example, the controller next determines at step 1624
if the IV bag has repeated the gas extraction process,
including steps 1620-1622, more than a limit. The limit may
be based on information about the IV bag, such volume,
historical usage (e.g., in the APAS cell 100), or weight
measurement, for example. If the limit is exceeded, then the
controller may generate a message to notify the operator at
step 1626, and the process may be terminated.
0.155 If the change in torque detected at step 1608 occurs
before the end of the syringe plunger travel is reached, this
indicates that substantially all air has been removed from the
IV bag. At step 1612, the indexer 1512 then moves the waste
vial 1516 to a position under the syringe needle 1514 at step
1612 and raises it to a position where tip of the syringe
needle 1514 is inside the neck of the vial 1516. The syringe
plunger manipulator 1504 actuates the Syringe plunger until
it stops, expelling all of the air and any liquid from the
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syringe at step 1614 into the waste vial 1516. The indexer
1512 next moves the IV bag 1508, which has had all of the
air removed from it, to a position under the Syringe needle
1514 at step 1616 to engage the IV bag port 1508 on the
syringe needle 1514.
0156) If, at step 1604, the controller determined that the
IV bag is not new, or after completing step 1616, then, at step
1650, the controller may actuate the syringe plunger to start
drawing a predetermined amount of diluent from the IV bag.
While diluent is being drawn, the controller may, in some
embodiments, monitor for the correct torque on the motor at
step 1655. If the torque is incorrect, or unexpected, that may
indicate a problem, so the APAS cell 100 may notify the
operator at step 1660. However, if the torque appears to be
correct, then the controller may check whether the prede
termined amount of diluent has been drawn at step 1665.
This may involve the controller receiving signals from a
sensor, such as a slide potentiometer, for example. If the
draw is complete, then the method 1600 ends. Otherwise, the
controller checks whether, at step 1670, the end of the
Syringe plunger travel has been reached. This may be
detected based on motor current, speed, plunger position, or
a combination of these or similar measurements. If the end

of plunger travel has not been reached, then step 1655 is
repeated. If the end of plunger has been reached, the
controller may send a notification to the operator of the
status at step 1675, and the method 1600 ends.
0157 The APAS cell, by knowing the size of the syringe
and the amount of diluent it needs to draw, determines how

long the Syringe plunger manipulator should pull on the
Syringe plunger to draw the amount of fluid needed. During
the draw, the Syringe plunger manipulator monitors the
amount of torque needed to control the Syringe plunger. A
step change in the torque 1620 before the draw is complete
1622 may indicate a problem and should be reported to the
operator 1624 and the process stopped. An error is also
indicated if the end of the syringe plunger 1628 is reached
before the draw is complete. This should also be reported to
the operator 1624 and the process stopped. Once the draw
has successfully completed, the process ends.
0158. In some embodiments, the controller may measure,
monitor, record, and/or store information indicative of a

remaining volume in a particular IV bag. This information
may be used, for example, for quality control purposes, and
for determining when to stop drawing diluent from the bag
(e.g., when the available volume falls below a practicable
level).
0159 FIGS. 17A-17C show an illustrative apparatus
1700 for manipulating IV bags 1700 to be used to supply a
diluent for a reconstitution process.
0160 In FIG. 17A, an illustrative diluent bag manipula
tor station 1702 is provided in, for example, the APAS cell
100, for the purpose of manipulating IV bags containing
diluent needed in a reconstitution process. The robotic arm
318, as described in FIG. 3, may convey or transport an IV
bag to the station 1702. The arm may be actuated by a
controller in the APAS cell 100 to register a fill port 1704 of
the conveyed IV bag with a clip 1706, as described with
reference to FIGS. 6-7, on a platen 1708. The bottom of the
IV bag 1712 is placed into a gripper 1714 where gripper jaws
1716 are in the open position. Next, in FIG. 17B, the gripper
jaws 1716 are closed to grasp the bottom of the bag. The IV
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bag 1712 is thus restrained by the closed gripper jaws on the
bottom of the bag along with the top of the IV bag being
secured in the IV bag clip 1706. FIG. 17C shows how the
platen 1708 is rotated, for example, 180 degrees along the
rotation axis 1710 to invert the IV bag to be oriented with IV
bag fill port 1704 down, which may cause air in the IV bag
1712 to rise to the top. In this embodiment, diluent may be
Supplied, (e.g., by gravity feed or peristaltic pump) without
a preparatory step of extracting the air from the IV bag 1712
before a syringe draw.
0.161 In this embodiment, the diluent bag manipulator
station 1702 may orient IV bags for fluid transfer on a needle
up syringe manipulator station 322, an example of which is
described with reference to FIG. 3.

0162. In some embodiments, the APAS cell 100 may
have stored information (e.g., from visual inspection, weight
measurement, historical information, user input, etc.) about
the approximate fluid volume available in the IV bag. A
controller in the APAS cell may determine when the avail
able volume in the IV bag has been depleted to a level below
which the IV bag may be discarded, or used for another
purpose.

0163. In some embodiments, the removal of the IV bag
from the diluent bag manipulator station 1702 may involve
rotating the platen again by 180 degrees to re-orient the IV
bag as shown in FIG. 17B. The gripper jaws may then be
opened, releasing the bottom of the IV bag. The robotic arm
318 may then grasp the IV bag by the port, as has been
described, and withdraw it to remove it from the clip. The
robotic arm 318 may then place the empty bag, for example,
into a waste chute 333, as shown in FIG. 3.

0164. In another embodiment, the gripper 1714 may
move in a direction to increase or decrease the distance of

separation between the jaws 1716 and the clip 1706 to allow
for different size bags.
0.165 FIG. 18 is a flow chart of an illustrative batch
mode of operation that may be used to fill orders provided
to the APAS cell. Batch mode 1800 involves the loading of
the APAS cell with a batch of input drugs and diluents and
Syringes and IV bags for the output doses to produce a
pre-defined set of drug orders. An operator, for example,
prepares a master daily prep list 1802, which is a list of all
the drug orders that need to be filled by the APAS cell for
that day. This may include, for example, many prescriptions
of one type or a variety of different prescriptions. The list is
next loaded, in whole or in part (e.g., depending on the size
of the list), into the APAS cell as the “run” list 1804 to be
used by the APAS cell to prepare the drug orders. Software
in the APAS cell screens the drug orders to ensure that the
APAS cell is trained to fill them. The APAS cell then

identifies the inventory required to fill the drug orders and
the rack configurations from those available. It prepares a
load list 1806 to guide the loading of the-inventory into the
racks. The inventory needed includes the drugs and diluents
needed to prepare the orders, which may be contained, for
example, in vials, Syringes, or IV bags. It also includes the
Syringes (with needles fitted) required for processing the
orders and the output containers for the drug doses, which
may include a Syringe or an IV bag, for example. From this
load list, an operator gets Stock from clean room inventory
1806, for example, and loads the inventory racks offline
1810 with the stock in the positions on the racks as indicated
by the load list.
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0166) Next the operator delivers the racks to the APAS
cell. The operator then follows an inventory loading process
as described in FIG. 4, first unloading empty inventory 1812
or unused inventory that may be contained on the carousels
from the prior run. The operator then unloads waste con
tainers 1814 and empties them in preparation for the run.
The waste containers are below the waste chutes 333,

described in FIG. 3, and may hold empty containers (e.g.,
used or empty syringes, bags, vials) that were used by the
APAS cell. Next, in the inventory loading process as
described in FIG. 4, the operator loads the inventory racks
1816 onto the carousels. The operator begins the batch
process by setting the APAS cell to RUN 1818, for example,
by selecting the RUN button on a touch screen flat panel
monitor, an example of which is the monitor 202. The APAS
cell then runs autonomously 1820, generating the output
orders which, depending on the drug container, may be
dropped into the syringe discharge chute 332 or the IV bag
discharge chute 344, examples of which are described with
reference to FIG. 3. A receptacle disposed beneath each
chute may collect the containers. A pharmacy staff member
can take the output away 1822 to be placed in inventory, for
example, in a hospital ward.
0167 The APAS cell continues to run and prepare the
drug orders until its run is complete 1822. The system may
generate a signal to inform an operator. For example, the
system may inform the operator by displaying a message on
a flat panel monitor serving as the input/output device 306,
an example of which is described with reference to FIG. 3.
Compounding operations may cease if all pending orders
have been completed, or if inputs required to complete any
pending orders are not available in the rack inventory. In
Some implementations, the APAS cell may operate autono
mously in a "lights out” mode, Substantially without opera
tor intervention, to process orders using available inventory.
0168 FIG. 19 is a flow chart of an on-demand mode of
operation that may be used to fill orders provided to the
APAS cell. On-demand mode 1900 involves the loading of
the APAS cell with a complement of input drugs and diluents
and Syringes and IV bags for the output doses to produce
drug orders that may constitute the most common drugs used
on a given day. The APAS cell prepares a load list 1902 to
guide the loading of the inventory into the racks. A total set
of drug orders to be filled can be captured from an order
entry system or manually entered by an operator. By ana
lyzing the total set of drug orders to be filled, the APAS cell
can determine an aggregate number of drugs, Syringes, vials
and IV bags required to fill the total set of drug orders. An
aggregate list can then be provided to the operator. The
operator can select the drugs, Syringes, vials and IV bags
required from current inventory to meet the APAS cell load
requirements for the total set of drug orders. The inventory
needed may include the complement of drugs and diluents
needed, which may be contained, for example, in vials,
Syringes, or IV bags. It also includes the output container for
the drug dose, which may be a syringe or an IV bag, for
example. The operator enters the load list into the APAS cell
1904 using, for example, the flat panel monitor 202 as
described in FIG. 2. From this load list, an operator gets
stock from clean room inventory 1906, for example, and
loads the inventory racks offline 1908 with the stock in the
positions on the racks as indicated by the load list.
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0169. Next the operator delivers the racks to the APAS
cell. The operator then follows an inventory loading process
as described in FIG. 4, first unloading empty inventory 1910
or unused inventory that may be contained on the carousels
from the prior day's operation. The operator then unloads
waste containers 1912 and empties them in preparation for
the day's orders. The waste containers are below the waste
chutes 333, described in FIG. 3, and hold empty containers
that were used by the APAS cell. Next, in the inventory
loading process as described in FIG. 4, the operator loads
the inventory racks 1914 onto the carousels.
0170 The APAS cell then waits to receive drug orders
1916 from the hospital pharmacy by way of the hospital
network, for example, as was described in FIG. 2. When an
order is received by the hospital pharmacy, it is entered into
the APAS cell. The APAS cell checks to make Sure the

supplies 1918 are in place to fill the order. If they are, the
order is placed into the queue for the APAS cell 1920 where
the APAS cell may then run and complete the orders 1922.
The output order, depending on the drug container, may be
dropped into the syringe discharge chute 332 or the IV bag
discharge chute 344, as described in FIG. 3, where a
receptacle placed beneath each chute may hold the container.
A pharmacy staff member may take the output away 1924 to
be used that day, for example, in a hospital ward.
0171) If, when an order is received, the APAS cell deter
mines that the supplies 1918 needed to fill the order are not
in place, it notifies the operator 1926 who is responsible for
reloading the inventory into the machine 1906.
0172. The APAS cell may be able to run in either the
batch mode or on-demand mode depending on user needs.
For example, it can be used in the on-demand mode during
the day shifts responding to demand from the hospital as it
arises. During the evening and night shifts, it can be pro
ducing batches of drugs that are carried in bulk in the
hospital pharmacy to maintain inventory.
0173 An illustrative system 2000 capable of registering
a fill port with stationary IV bags is shown in FIGS.
20A-20D. Embodiments may perform fluid transfer in
needle-down or needle-up orientation. Registration may
involve a portable fluid transfer port and/or a stationary bag,
for example.
0.174 Embodiments may be operated by a controller to
perform a process wherein an IV bag is conveyed from a
carrier to a parking fixture 2010 in the cell and parked there
by a robotic manipulator 2015. In the example of FIG. 20A,
the system 2000 includes an illustrative parking fixture
2010, which may, in some embodiments, be the IV bag
manipulator 1708 of FIG. 17A. In other embodiments, the
parking fixture 2010 may also be a rack holding one or more
IV bags that may be manually loaded by an operator.
0.175. The robot manipulator 20.15, having released the
IV bag 2005, may then grasp a fluid transfer port 2020 and
register the port into the needle port on the IV bag. The fluid
transfer port 2020 is connected to a fluid transfer device
2025, which can transfer fluid into and out of the IV bag
(e.g., using gravity feed, pump, or other transfer mecha
nism). While the bag is oriented so that the port is at the top
of the bag, air (e.g., in the headspace) in the top of the bag
may first be extracted, as described elsewhere herein. The
bag may be held on an IV bag manipulator and inverted to
transfer fluid from the bag.
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0176). As illustrative embodiments, FIG. 20A shows the
bag being parked and the robotic manipulator 2015 grasping
and registering the fluid transfer port into the needle port on
the bag. FIG. 20B shows the robotic manipulator 2015
placing the IV bag in IV Bag Manipulator. FIG. 20O shows
the robotic manipulator 2015 grasping the fluid transfer port.
FIG. 20D shows the robotic manipulator 2015 registering
the fluid transfer port to the IV bag needle port.
0177. In alternative embodiments, one or more IV bags
may be mounted to retention clips, for example, Such as may
be mounted on a rotating storage carousel or a flat carrier.
The robotic manipulator may register the fluid transfer port
with any of the stationary bags. In a further alternative
embodiment, the 2, 3, 4 or more IV bags may be retained by
fill port retention clips coupled to an indexer. Such as the
indexer 1512 that was described with reference to FIG. 15.

0178. In addition to the above-described examples, IV
bags and Syringes may be handled using systems, apparatus,
methods, or computer program products other than the
examples described above.
0179 For example, the APAS cell 100 may include a
main controller and one or more additional controllers in a

distributed network architecture. The main controller may
provide Supervisory and management of cell operations, and
coordinate the performance of sub-operations by the other
controllers. Each controller may include one or more pro
cessors that perform operations according to Software that
may be developed, and compiled using one or more lan
guages. The controllers may be in the form of embedded
systems, having dedicated controllers, PLCs (programmable
logic controllers), PC-based controllers with appropriate
networking and I/O hardware and software, ASICs, or other
implementation.
0180. In some applications, one controller may be dedi
cated to controlling the robotic manipulator, including deter
mining the position and motion paths for the manipulator
within the processing chamber. Motion planning may
involve solving static and/or dynamic kinematic equations to
optimize conveyance time and reduce energy consumption,
and Such computation may be accomplished in real-time
with a math co-processor and/or digital signal processor that
may be local to the APAS cell, or available on a remotely
located workstation coupled to the APAS cell through a
network connection, for example. In other embodiments, the
expected motions (e.g., from carousel to scale) of the robot
manipulator may be learned or taught.
0181 Databases may be provided for purposes of han
dling various types and sizes of IV bags, Syringes, and vials,
as well as the expected locations and orientations for various
inventory items on the storage carousels, racks, and the
various stations throughout the processing chamber. Motion,
position, force, diameter, and similar parameters may be
compared against upper and lower thresholds in some cases,
to determine if the manipulator has encountered a condition
that should trigger and error signal, alarm, email notifica
tion, instant message, paging signal, or other signal to a
responsible pharmacist, operator, or system maintainer, for
example.
0182 To accommodate various size, type, and manufac
ture of IV bags, appropriately sized holders may be disposed
at locations in the cell at which the IV bag may be parked
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by the manipulator. Based upon information sufficient to
associate an IV bag with a suitable holder, the information
being determined either from user input or auto-detected
(e.g., by bar code), the manipulator may selectively park the
IV bag at the holder most compatible with the IV bag it is
handling or conveying. With reference to FIG. 15A, for
example, multiple styles and designs of the IV bag retention
clips 1506 may be mounted to the indexer 1512 so that the
manipulator may park an IV bag on a selected holder most
appropriate for the IV bag. This approach may also be
applied to storage racks and various stations disposed in the
processing chamber.
0183 In some embodiments, the indexer 1512 may move
the waste vial 1516, the IV bag 1508, and the vial containing
drug to be reconstituted (see FIGS. 15A-15C) laterally
and/or vertically to register the appropriate item in align
ment with the needle 1514 of the syringe 1510. In alternative
embodiments, the needle down Syringe manipulator may
move the Syringe and needle vertically and/or horizontally
relative to the waste vial 1516, the IV bag 1508, and the vial
containing drug to be reconstituted.
0.184 In some embodiments, the robotic manipulator
may directly register an item it is grasping and holding. Such
as an IV bag fill port or a Syringe, to implement a fluid
transfer operation. The fluid transfer or gas extraction pro
cessing may be performed with the robotic arm grasping and
Supporting at least one of the containers involved in the fluid
transfer operation.

0185. In some embodiments, each APAS cell may be

programmed with the information and be initialized with
substantially identical information stored in non-volatile
memory. In other embodiments, one or more APAS devices
may be custom configured to perform specific functions. For
example, one APAS cell may be configured to perform both
custom and batch processing functions by responding to
information about the compounding needed to fulfill various
prescriptions and information about various alternative
inventory Solutions.
0186. In various embodiments, the APAS cell 100 may
work with inventory items, such as IV bags, vials, and
Syringes from various manufacturers. In some implementa
tions, IV bag fill port retention clips placed at various
proximate various stations in the processing chamber, and/or
the gripper fingers on the robotic arm, may be exchanged or
interchanged as needed to accommodate various designs and
types of inventory items. Advantageously, some embodi
ments of the gripper fingers, for example, can accommodate
a wide range of sizes and designs of commercially available
inventory items, as described above.
0187. In an embodiment, compounding operations may
be performed using commercially available containers
adapted for parenteral applications. APAS cell can also
accommodate parenteral fluid containers, for example, those
used for the preparation of total parenteral nutrition. In one
example, such containers may be processed as inputs and/or
outputs from the APAS cell 100. In further embodiments,
compounding operations may be performed using commer
cially available flexible fluid containers for certain other
medical or pharmaceutical applications. As an example,
Such containers may be processed as inputs and/or outputs
from the APAS cell 100.

0188 In some applications, compounding operations
may be performed according to aspects of embodiments
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described herein in a clean environment. For example, an
embodiment may be performed in a clean room environ
ment, such as an ISO Class 5 environment, for example. In
another embodiment, compounding operations may be
implemented in a ventilated (e.g., flow hood) work area. In
other embodiments, compounding operations may be per
formed in a chamber, an example of which is the compound
ing chamber 304. In various implementations, a series of
compounding processes may be performed in part within a
chamber, flow hood, and/or clean room. In various embodi

ments, the compounding operations, the inventory storage,
and/or the actuation and conveyance of items may be
performed in a Substantially aseptic environment. In various
embodiments, the compounding chamber 304 may be at a
negative pressure relative to ambient atmospheric pressure,
and the inventory chamber 302 may be at a positive pressure
relative to ambient atmospheric pressure.
0189 In some embodiments, the pressure in a chamber of
the APAS cell may be different from ambient, such as up to
at least about 10 inches of water, or between about 0.1 and

1.0 inches of water above or below ambient atmospheric
pressure. Negative pressure may reduce the likelihood that
certain chemicals may be released outside the chamber, for
example.
0190. In conjunction with the compounding area, inven
tory items may coordinate the handling of inventory items
with a carrier that may present one or more items within
proximity of a manipulator, for example. In an embodiment,
one or more inventory items may be presented or delivered
to a manipulator, an example of which is the robotic arm
318.

0191 The manipulator system may include one or more
coordinated axes of motion to grasp, convey, and/or orient
inventory items. An inventory item may be, for example,
registered on a retainer clip on a storage rack, or registered
with a fluid transfer port, or otherwise manipulated in
Support of operations, such as operations involving fluid
transfers at a fluid transfer station, that relate to compound
ing. In embodiments, the manipulator system may convey
items in part by gravity feed system, or motion imparted by
one or more motors (e.g., electric motors), operating alone
or in combination.

0192 In some embodiments, inventory delivered to the
robotic arm 318 in the APAS cell 100, for example, may be
a syringe that includes a Syringe barrel in combination with
a needle operably coupled to the barrel. In some embodi
ments, the needle is capped, and the needle cap is removed
as a preparatory step for operating the Syringe in various
compound processing steps.
0193 Next described are systems, methods, and com
puter program products suitable for using pulsed ultraviolet
(PUV) light to substantially reduce active bioburden, disin
fect, Sterilize, and/or sanitize objects in an environment Such
as a pharmacy. In one embodiment, PUV light is applied
within an APAS cell. The APAS cell includes a robotics cell

that automates the compounding and dispensing of drug
doses into IV bags and Syringes, such as those that are
routinely made in or for hospital pharmacies. The APAS cell
utilizes a Syringe-based fluid transfer process and employs a
robot for moving drug vials, Syringes, and IV bags through
the cell as the medications are processed. Also described is
another embodiment in which PUV light is applied to
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disinfect and/or sanitize objects outside of an APAS cell. In
an illustrative embodiment, the PUV light may be imple
mented as a table-top system that allows pharmacy person
nel to sanitize pharmaceutical packaging and/or other equip
ment.

0194 Systems, methods, and associated apparatus
include an automated cleaning/sanitizing of "critical areas'
on drug vials, and IV bag ports during automated, semi
automated, or manual admixture compounding processes.
0.195 FIG. 21 illustrates an illustrative cleaning process
2100 in the APAS cell 100 of FIG. 1. In one embodiment,

the process 2100 may be controlled, for example, by a
controller that controls the operations of the APAS cell 100,
to provide a controlled (e.g., timed and/or metered Volume),
pressurized, and directed spray 2105 of cleaning agent. The
cleaning agent may be, for example, primarily but not
limited to, about 70% isopropyl alcohol. The pressurized
spray 2105 may serve to both dislodge particles, and to
disinfect a surface 2110. The amount of cleaning fluid
dispensed may be metered using a controllable (e.g., Sole
noid) valve. The cleaning fluid is pumped from a reservoir
to a spray nozzle 2115 using a suitable method. Suitable
methods may include, but are not limited to, direct pumping
of the cleaning fluid, and/or feeding cleaning fluid into a
pressurized air (or other gas) stream. In some embodiments,
the cleaning fluid reservoir may provide sensors to detect
fluid levels. There may also be a system to detect pressure,
fluid flow, and confirm fluid spray. Waste fluid 2120 may be
collected in a suitable container for Subsequent evaporation,
drainage, recovery, and/or disposal.
0.196 FIG. 22 illustrates an illustrative cleaning chamber
2200. When applied within the APAS cell 100, forced
airflow 2220 may be used to substantially control mist and
overspray from a spray nozzle 2225 from escaping the
cleaning chamber 2200. The chamber 2200 may include one
or more fans or sources of pressurized fluid to maintain the
air flow. Exhaust air flow 2230 exiting the cleaning chamber
2200 can be filtered and/or exhausted from the APAS cell

100 to prevent fume build up. Sensors can be used to
monitor airflow and shutdown drug processing in the APAS
cell if inadequate airflow is detected. In this case, the
operator may be alerted, for example, by an audible beep or
a message on a display terminal connected to the APAS. The
airflow can also be used to dry the cleaning fluid from the
cleaned area. In some embodiments, the flow may include
additives or Substitutes for air, Such as inert gases, for
example.
0197) Surfaces and/or objects to be cleaned 2205 may be
presented into the chamber by a robotic arm 2210. The
object to be cleaned 2205 may be moved during the cleaning
process to allow larger areas to be cleaned. For example, a
gripper 2215 on the robotic arm 2210 may impart motion
with multiple degrees of freedom by rotating around and/or
translating along one or more axes. The primary cleaning
Surfaces to be cleaned may include, but are not limited to,
vial ports, diluent ports, and IV bag ports, for example.
0198 The cleaning chamber 2200 can also be packaged
into a self-contained unit to be used either manually, or
automatically, as a stand-alone device to facilitate cleaning
during manual drug compounding.
0199 An apparatus may be used in the APAS cell 100, for
example, for removing needle caps and needles from
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Syringes, and removing caps from medicine containers/vials.
The Syringes and vials can be presented to the apparatus in
one of several ways. In the APAS cell 100, a robotic
manipulator, an example of which is described above, may
present the Syringes and vials to the apparatus.
0200. An illustrative method of actuating the jaws of the
apparatus includes using servo electric manipulators. In
pharmaceutical environments, servo electric manipulators
are an example of an actuator type that may be suitable for
the clean environment needed for pharmaceuticals. Various
other actuation mechanisms are possible.
0201 One or more sensors (e.g., optical, force, current,
etc . . . ) may be used to monitor cap and/or needle removal.
In one embodiment, the sensors may operate to detect caps
and needles that are in a robotic gripper. In some embodi
ments, sensors can be located in the jaws, or be oriented to
sense the items from just outside the apparatus. The sensors
may be used to detect the presence of a part and the absence
of the part when the apparatus is opened to discard the part
by gravity and/or an ejector pin(s) to a chute below.
0202 FIG. 23 shows an illustrative process 2300 for
needle cap removal. In the APAS cell 100, a robotic gripper
2305 may present a needle?syringe combination 2310 to an
apparatus for needle cap rem oval. The apparatus may
include an actuator 2315 and jaws 2320.
0203) A needle cap 2325 may be taken off a needle 2330
before using a needle?syringe combination 2310. Opening
the jaws 2320 of the actuator 2315 and placing the needle
cap 2325 in the V shaped feature in the jaws 2320 and
closing on it to grip the cap 2325 can achieve needle cap
removal. The needle/syringe combination 2310 can then be
withdrawn from the cap 2325. The jaws 2320 can then be
opened to discard the cap 2325 into a waste receptacle 2335
located below the jaws 2320.
0204 Feedback from the jaws 2320 may be used to detect
if a needle cap 2325 was present on the needle?syringe
combination 2310. The feedback from the jaws 2320 may be
in the form of diameter feedback information. If a needle cap
2325 was expected but not detected by the jaws 2320, the
needle 2330 may be considered potentially contaminated. As
such, the APAS cell can dispose of the needle?syringe
combination 2310, or send the item to be sanitized as
described elsewhere herein.

0205 FIG. 24 shows an illustrative process 2400 for
needle removal. In the APAS cell 100, a robotic gripper 2405
may present a luer-lock syringe 2410 to an apparatus for
needle removal. The apparatus may include an actuator 2415
and jaws 2420. The apparatus may be the same apparatus
used for needle cap removal, as described with reference to
FG. 23.

0206. A needle 2425 from the luer-lock syringe 2410 may
be removed by an unscrewing motion. The same V-shaped
feature of the jaws 2420 that was used for needle cap
removal may be used to grip the needle 2425 by the luer hub
for removal. If a dexterous robot is used to hold the syringe
2410, the apparatus can be hard-mounted while the robot
rotates the syringe 2410 about the needle axis to unscrew the
needle 2425.

0207. In other embodiments, the apparatus may be
mounted on a device having a rotating base so that the
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rotating device can unscrew the needle from the Syringe as
a robotic manipulator withdraws the Syringe slowly.
0208. In various embodiments, syringes may be received
in the compounding chamber with or without needles
installed. In one example, a syringe with an installed needle
may be conveyed to a station at which the tip cap on the
needle is removed, an amount of medicament is dispensed
from or drawn into the Syringe, and the removed tip cap may
be replaced onto the Syringe by manipulation using the
robotic arm. In some implementations, one or more
Syringes, tip caps, needles, capped needles, or Syringe caps
may be sanitized at the PUV station. In some systems, a
needle dispenser may be provided to present needles for
grasping by the robotic manipulator or otherwise for cou
pling to a syringe. In some cases, a needle dispenser pro
vides needles (which may be sheathed) for packaging in a kit
with at least a syringe.
0209 FIGS. 25A-25E show an illustrative apparatus
2500 for vial cap removal. In the APAS cell 100, a robotic
gripper (not shown) may present a vial 2505 to the apparatus
2500 for vial cap removal. The apparatus 2500 may include
an actuator 2510 and jaws 2515. The jaws 2515 may include
vial cap grasping jaw edges 2545. The jaws 2515 may also
include a Vijaw 2550 for needle and needle cap grasping. The
jaws 2515 may also include cap retention features 2555. The
apparatus may include features for needle cap removal, as
described with reference to FIG. 23.

0210. The vial 2505 can be inserted in the jaws 2515 of

the apparatus by the vial cap 2520. The vial cap 2520 can be
grasped by the jaw edges 2520 using a grasping jaw mecha
nism. The jaws 2515 are then closed on the vial cap 2520 so
that the edges of the jaws 2515 engage the vial 2505 just
below the vial cap 2520. The vial 2505 is then drawn out of
the jaws 2515 and the jaw edges retain the vial cap 2520.
0211. In some embodiments, the jaw edge pairs may have
different lengths and offsets 2525 with respect to each other,
as shown in FIG. 25D, for example. The offset and length
differences may allow only one jaw edge to engage the vial
cap at a time to facilitate vial cap removal with a prying
motion, similar to manual removal. The offsets 2525 can

allow the second jaw to engage the vial cap if the first one
fails to remove it in the first attempt. This may occur when
the first jaw slips past the vial cap and the actuator 2510
closes further to allow the second edge to make contact with
the vial. The edge length differences can be designed to work
with an actuator where the jaws move in unison with each
other. In an embodiment, the vial may be presented on the
center axis of a gripper, which coincides with the Syringe
presentation and facilitates robot setup. The design of the
jaws may contain the removed item and prevent the vial caps
from exiting the jaws in an uncontrolled manner until the
jaws are opened to drop it in a waste chute, as shown in FIG.
25E

0212 Multiple sets of vial de-capping edges may be
provided to accommodate the various sizes of vial caps that
the apparatus can be used for, and to accommodate the
stroke range of the actuator. Jaws 2535 and 2540 shown in
FIG. 25E, for example, have two sets of de-capping edges.
0213. In various embodiments, vials or syringes may be
capped, or caps removed, as needed to support operations,
Such as compounding or fluid transfer between containers,
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for example. Such operations may be performed in advance,
Such as during down time to build up reserves, or (e.g., just
in time) as needed for a particular operation that has been
scheduled or is already in progress. In some examples,
operations may include providing features to indicate tam
pering with the capping and/or sealing of a pharmaceutical
container. FIGS. 26A-26C show cross-sectional views of an

illustrative pulsed ultraviolet (PUV) sanitizing system 2600.
In an illustrative embodiment, a pulsed ultraviolet (PUV)
system 2600 may be used to sanitize items within an
automated pharmacy compounding device. Such as an APAS
cell 100, an example of which was described with reference
to FIG. 1. In this example, the PUV system 2600 can be
used to sanitize items that include, but are not limited to,

drug vial ports, IV bag ports, and Syringes. The sanitizing
process performed by the PUV system 2600 may be used
alone or in combination with one or more other cleaning
processes described elsewhere herein.
0214) The PUV system 2600 may be used to perform
operations to sanitize objects placed within a PUV chamber.
In this example, the system 2600 includes an ultraviolet
(UV) lamp 2605, a lamp housing 2610, a baffle 2615, and a
chamber wall 2620. The chamber wall 2620 may substan
tially reflect and/or absorb radiation so as to substantially
contain UV radiation 2625 from the UV lamp 2605 within
the PUV chamber. The UV radiation 2625 from the UV lamp
2605 may illuminate an object 2630 placed within the PUV
chamber. In this example, the object 2630 is a drug vial that
is positioned to be exposed to the UV radiation 2625 by a
manipulator 2635. The manipulator 2635 may be a robotic
gripper, for example, such as those described above.
0215 FIGS. 26A-26C show a single chamber embodi
ment where the lamp housing 2610 and the UV lamp 2605
are mounted above the object 2630 with the UV radiation
2625 directed downward. In other embodiments, one or

more UV radiation sources may be directed upward and/or
from the sides, either alone or in combination with the

downward directed UV lamp 2605. An illustrative UV
radiation source for the lamp 2605 is a xenon lamp. The size
of the light aperture in the baffles 2615 may be suitable for
the objects being sanitized. The object 2630 may be pre
sented to the UV radiation source by mechanical or robotic
mechanisms.

0216 Operations to sanitize an object may generally refer
to operations to reduce the bioburden on the object to be
sanitized. In some applications, a sanitizing operation may
be intended to reduce active (e.g., living) bioburden to some
degree. For example, a sanitizing operation may achieve a 6
log reduction of bacillus subtillis on an object. In another
example, a sanitizing operation may kill all or Substantially
all spores and/or fungi on the treated Surfaces.
0217. The bioburden may include (but is not limited too)
viruses, bacteria, spores, and/or fungi. In a range of
examples, pulsed ultraviolet radiation may be used to kill
one or more types of biocontaminants on, around, or within
portions of a syringe or vial. Such as the port of Such a
Syringe or vial. In some cases, such bioburden may be found
in environments such as medical clinics, hospitals, including
hospital pharmacies, or research laboratories, for example,
or other facilities in which pharmaceuticals may be pack
aged, prepared, stored, transported, or otherwise handled.
Some embodiments may be beneficially applied to provide
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or enhance sanitization of Vials, Syringes, packaging (e.g.,
I.V. bags), tubing, access ports, and/or associated equipment
(e.g., handling equipment, including robotic manipulators),
fluids (e.g., water), or other materials that may come into
proximity and/or contact with objects for which disinfection
and/or sanitization may be a concern. Some applications
may relate to the preparation of pharmaceutical and/or
medical devices, such as delivery systems for providing
parental nutrition or insulin to patients, for example. The
method of sanitizing may be by a timed and/or metered pulse
of UV radiation 2625, direct and/or reflected, primarily but
not limited to UV-C wavelengths. In one example, the object
2630 to be sanitized may have a reduction of bioburden
related to the intensity and duration of the flash, and the
number of flashes presented to the object. Some systems
may achieve, for example, at least about a 6 log reduction of
bacillus subtillis within two seconds.

0218. In various embodiments, ultraviolet radiation
exposure may involve exposures over various wavelengths.
In various implementations, the exposure may include
UV-A, UV-B, and/or UV-C, at wavelengths including, but
not limited to, between about 200 and 3000 nm, such as
between about 160 and 380 nm, or between about 230 and

300 nm, or between about 250 and 270 nm, for example.
0219. In some embodiments, exposure to pulsed ultra
violet radiation may occur for various lengths of time. For
example, exposure may be completed in less than 10 msec,
up to about 1, 5, 10, 20, 30, 40, or up to at least about 60
seconds, for example. If pulsed, pulses may be delivered at
a fixed or variable frequency of between about 0.01 Hz and
about 1 kHz, such as between about 0.1 Hz and 100 Hz, or

between about 2 Hz, and about 10 Hz. Individual pulse
duration may be less than one second, such as between about
1 ns and 100 ms, or between about 10 ns and 10 ms, or
between about 100 ns and 1 ms, or between about 1000 ns
and about 0.1 ms, such as between about 300 and 400

microseconds. Multiple power Supplies and/or flash lamps
may be used in combination to interleave and/or increase
peak intensity of radiation exposure from one or more
locations around the target Surfaces. Various stored profiles
may be executed at various levels of pulse intensity, number,
spacing, and timing. Control may be implemented by a
processor, Such as on a programmable logic controller (PLC)
or an embedded controller, for example.
0220 Ventilations and/or cooling may incorporate air
handling apparatus alone or in combination with purging
systems (e.g., Nitrogen). Energy delivered to the object to be
sanitized may be a function of the number of pulses and the
energy associated with each pulse. In some examples, a total
energy delivered may be less than I Joule, between about 1
Joule and about 20 Joules, up to about 30, 40, 70, 100, 250,
500, 600, 750, or at least about 1000 Joules. Over longer
time spans, any practicable amount of energy may be
delivered to achieve an effective and/or desired reduction in

active bioburden, Such as spores, bacteria, and/or viruses, for
example.
0221) In some embodiments, the PUV system includes an
interlock that disables the light source until a portion of the
object is in the PUV chamber such that a substantially
complete light seal is formed to prevent Substantial light
from escaping.
0222. Other embodiments of the PUV system 2600 are
possible. For example, the PUV system 2600 of FIG. 26B
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includes baffles 2640 arranged to provide a substantially
cylindrical or tubular, vertically oriented lumen through
which to illuminate an object 2645. The baffles 2640 may
have reflective surfaces. In another example, shown in FIG.
26C, baffles 2650 are arranged to form a partial conical
Surface with an aperture to direct Substantially all light to an
object 2655 disposed near the aperture. Other similar
arrangements of baffle configurations may be used to direct
a substantial fraction of the light that enters the PUV
chamber to an object placed near one or more apertures like
those of FIGS. 26A-26C.

0223) The PUV system 2600 may be adapted for inte
gration into an APAS cell 100, or configured for stand-alone
(e.g. table-top, free-standing) operation for use in a hospital
pharmacy or similar environment. In the hospital pharmacy
type of environment, pharmacy staff may prepare prescrip
tions by using an extension tool (e.g., tongs) to grasp the
object to be disinfected and place it into the PUV chamber
for disinfection. Location features (not shown) may be
included to aid in the positioning of the object by the
pharmacy staff in the correct location in the PUV chamber.
0224. In embodiments, a rigid, semi-rigid, or flexible
boot (e.g., rubber, foam, plastic, or flexible UV blocking or
reflective material) may be formed around an aperture.
When a fluid port of a vial or IV bag is to be sanitized, an
operator in a pharmacy or a robot arm in an APAS cell may
place the fluid port to be sanitized in proximity to the
aperture such that the boot forms a substantial light seal
interface with a body of the vial or IV bag. The aperture may
provide a substantially UV-transparent window through
which one or more surfaces on the fluid port may be exposed
to ultraviolet radiation through the window. In response to a
start signal, a dose of pulsed ultraviolet radiation may be
delivered. The dose may be according to a pre-programmed
set of pulses, at a specified intensity, duty cycle, repetition
rate (e.g., fixed or variable), and number of pulses, or total
energy. The start signal may be generated by a Switch that is
pressed when the body of the object is pressed into the boot,
or a proximity sensor (e.g., optical sensor, hall effect sensor
to detect robot arm, etc...) detects the fluid port in position,
a signal generated by a controller or another Switch (which
may be manually pressed), or a combination of such these or
other detection techniques.
0225. For manual operation, some embodiments may
include a feedback signal to indicate to an operator that the
UV pulse profile has completed, or that the item has been
exposed to the selected dose of pulse UV. In some embodi
ments, a display may indicate an exposure level. Such as
based on time, number of pulses delivered, or total energy
delivered. In some modes, the operator may control the
exposure level based on how long the item is pressed into the
boot.

0226 Instead of, or in combination with, a flexible boot,
Some embodiments may provide a receptacle to receive a
fluid port in proximity of the UV exposure port. The
receptacle may be sized to receive one or more sizes and
styles of fluid ports for IV bags, and one or more sizes and
styles of fluid ports for vials. A concave opening receptacle
may be adapted to receive a range of sizes. One or more
differently sized and/or shaped receptacles may be provided.
In some embodiments, receptacles may be interchanged to
accommodate a wide range of items to be sanitized. Differ
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ent receptacles may have locating pins, rotating and/or
sliding features to retain a receptacle being used.
0227 Interlock features may be integrated into each
receptacle. For example, proximity or pressure sensors may
be used to determine when a receptacle is properly installed
and a properly sized vial or IV bag fluid port is being
inserted or pressed into the receptacle to be exposed to the
ultraviolet radiation.

0228. In some embodiments, a sensor may measure the
approximate total energy delivered, and send feedback infor
mation to a controller. The controller may deliver pulses
until a predetermined threshold of energy is delivered.
0229 FIG. 27 is a block diagram of a control module
2700 for the illustrative PUV system 2600 of FIGS. 26A
26C. In an illustrative embodiment, the PUV system 2600
discussed herein may include a PUV chamber, a PUV lamp
assembly, and the control module 2700. The control module
2700 may include a processing unit 2705, a COM port 2710,
one or more sensors 2715, an apparatus for operating an air
handling system 2720, an input/output (I/O) port 2725, and
a power supply 2730. The processing unit 2705 can be used
to Supervise, monitor, and control operations according to
programmed instructions and/or hardware configurations
(e.g., analog, digital, PAL, and/or ASIC circuits). The sen
sors 2715 may include, but are not limited to, temperature,
Smoke, contaminant, vibration, position, and light intensity
sensors. The I/O port 2725 can be used to receive and send
signals to the sensors 2715 and/or actuators (e.g., motors,
PUV lamp, etc.) in the PUV system 2600. In some embodi
ments, the control module 2700 may send and/or receive
status and control information to or from a host computer or
controller via the COM port 2710. The COM port 2710 may
be serial or parallel, and may use packet or non-packet based
communication protocols (e.g., RS-232, USB, Firewire) to
receive and/or send signals to a master controller. An
example of the apparatus for operating an air handling
system 2720 was described with reference to FIG. 22. The
elements in the control module 2700 can combine to operate
the PUV system 2600 to sanitize objects in pharmaceutical
applications.
0230. With respect to the air handling system 2720 in the
control module 2700, airflow may be used to cool the UV
lamp 2605 and/or the PUV chamber. In some applications,
the air handling system may also exhaust oZone that may be
generated within the PUV chamber. The input air may be
filtered to prevent particles from getting to the object 2630.
The filtered air may also prevent particles from contacting
the UV lamp 2605 itself thereby increasing bulb life and
efficiency. Sensors may be used to monitor airflow and
shutdown the system if inadequate airflow is detected. In
some embodiments, the PUV system 2600 may be designed
for application within the APAS cell 100 ISO class 5 clean
air environment.

0231. The system may further include an air handling
system to ventilate the PUV chamber. The ventilation can be
used to provide cooling air on the UV lamp 2605 to keep the
bulb from overheating.
0232 The power supply 2730 may provide voltage and/
or current to drive the UV lamp 2605 during a pulse. For
example, the power Supply 2730 may store energy in a
capacitor, inductor (including step-up and flyback trans

US 2006/0259.195 A1

formers), or in a resonant (L-C) circuit, for example. In
response to a trigger signal, the stored energy may be
released to the flash lamp, such as a Xenon flash tube, for
example. In some embodiments, the pulsed light output may
include a spectrum of radiation, including energy at ultra
violet wavelengths. For example, the pulsed UV light may
include energy content in the UV-A, UV-B, and UV-C
ranges, and may include Some energy content at wave
lengths shorter and/or longer than UV wavelengths.
0233. The pulsed UV light radiated during a particular
pulse may be characterized by one or more waveforms that
determine, at least in part, the amount of UV light exposure,
or dose, an object may receive. Each waveform may have a
range of intensities, durations, rise and fall times, and
repetition interval between pulses. Accordingly, the control
electronics that drive the flash element may determine the
characteristic waveform based on drive (trigger) pulse char
acteristics, flash element conversion efficiency and dynamic
impedance, applied Voltage/current, and Source impedance,
and parasitic stray capacitance, resistance, and inductance.
In some examples, the PUV waveform may be controllable
by adjusting, for example, the amplitude of the applied
Voltage during a pulse. The amplitude (e.g., intensity) and or
pulse repetition rate and number of repetitions may be
programmed to a default, or user-configurable through a user
interface (not shown) for the APAS.

0234. In some implementations, a UV light sensor may
be provided to measure the PUV light intensity to monitor
the Sufficiency of a light pulse. Sensors may be used to
monitor the condition of the bulb and the intensity of the
flash. The sensors may also be monitored to confirm that the
appropriate light dose has been delivered. If, for example,
the processing unit determines that a PUV waveform fails to
meet an average minimum threshold over multiple pulses,
then the processing unit may generate a fault signal over the
COM port 2710.
0235 A sensor (e.g., light beam, proximity, or contact)
may be included in the PUV chamber to monitor the position
or proximity of the object. The sensor may also be used to
monitor the position or proximity of an item displaced by the
presence of the object (e.g. switch) with respect to the bulb.
This sensor may provide an interlock such that the bulb
cannot be flashed if the object is not in the correct position.
0236 FIG. 28 shows a perspective view of an illustrative
embodiment for a PUV chamber housing 2800 for the
systems of FIGS. 26A-26C and FIGS. 27. A side 2805 of
the housing 2800 includes an air handling assembly, which
may contain filters and/or fans. A front 2810 of the housing
2800 has a tiered wide and narrow opening 2815. The wide
opening can allow a robotic manipulator to insert wide
objects, such as IV bags, near its base. The narrowed
opening above the wide opening may accommodate the
width of a manipulator that is used to position an object in
a PUV chamber. For example, with reference to FIGS.
26A-26C, the manipulator 2635 may insert the object 2635
(e.g., vial, Syringe, or IV bag) through the wide opening
portion near the base of the housing 2800. The manipulator
2635 can then move vertically up toward the aperture in the
baffles 2615 and/or the UV lamp 2505. When the object
2630 is positioned in the PUV chamber to receive a sani
tizing exposure. Some embodiments of the manipulator may
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further provide a partial or substantially complete light seal
around at least a portion of the narrow and/or wide openings
in the housing 2800.
0237. In various embodiments, a manipulator may be
adapted to provide a thin (e.g., pencil-like) extension appa
ratus (not shown) to extend the reach of the manipulator
through a reduced width (e.g., narrower) slot in the narrow
portion of the opening in the PUV chamber housing. Such
extension apparatus, or the external portion of the manipu
lator itself, may be provided with baffling to provide either
an internal or an external light seal around some or all of the
openings in the PUV chamber housing. For example, a
flexible rectangular baffling (e.g., plastic, rubber, or foam
with reflective or absorptive coating) may be used to provide
a substantial UV light seal over some or all of the narrow
and/or wide openings in the PUV chamber housing when an
object is positioned to receive pulsed UV radiation.
0238. In some embodiments, the object to be disinfected
may provide an effective light seal. The design of the baffles
shown in FIGS. 26B-26C may be such that the object
effectively seals the opening in the baffle when the object is
brought into substantial contact with the baffle. Also, the
baffle design may be compliant (e.g. flexible baffle material,
spring mounted baffle assembly, or bellows) such that some
tolerance in the positioning of the object against the baffle is
afforded. The opening in the baffle may be sized to maximize
the amount of PUV radiation on the targeted area to be
disinfected.

0239 FIGS. 29A-29C show cross-sectional views of an
illustrative PUV sanitizing system 2900 that accepts vari
ously sized objects to be sanitized. In FIG. 29A, an object
2905 is a large vial, in FIG. 29B, an object 2910 is a small
vial, and in FIG. 29C, an object 2915 is an IV bag. In each
example, a manipulator 2920 may move along a trajectory
Suitable for positioning an object in a suitable location to be
sanitized in the PUV chamber. In FIG. 29C, The IV bag
2915 in FIG. 29C, for example, may be flexed (e.g., if
empty) to be positioned in the PUV chamber so that an IV
bag port 2925 can be sanitized before making physical
contact with a syringe.
0240 Accordingly, the object to be sanitized need not
provide a primary light seal. Chamber walls 2930, in com
bination with the manipulator 2920, may provide effective
light containment. The chamber walls 2930 may include
features such as baffles, reflective surfaces, and/or absorp
tive surfaces to further minimize escape of UV radiation
from the PUV chamber.

0241 Embodiments of the PUV chamber may be cus
tomized for the specific range of objects to be sanitized,
taking into consideration object access requirements to the
light source, object size, light containment, and distance of
the object from the light source.
0242. In some embodiments, the baffling may be auto
matically or manually reconfigurable to provide Suitable
illumination of the object. For example, the baffles may be
on a rotatable carousel that can be repositioned (e.g., by a
motor), to position the most effective baffle to illuminate the
size, type, and/or shape of the object.
0243 A PUV system may use system information avail
able to an APAS controller, for example, to optimize the
PUV sanitizing process. For example, the APAS cell 100
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may contain the control module 2700, as shown in reference
to FIG. 27, to control its operations that may transfer control
information (e.g., indicative of the next object to be sani
tized) to the PUV system 2600 via the COM port 2710. Such
control information may include optimal waveform, ampli
tude, pulse repetition number and rate, object size, type,
and/or shape-related information. The controller in the PUV
system 2600 may respond by configuring the power Supply
2730 and trigger controls to generate a sanitizing profile
tailored to sanitize the next object. Such optimization pro
motes effective sanitizing without generating unnecessary
heat, consuming unnecessary energy, prematurely aging the
flash element, or introducing unnecessary delay in the PUV
sanitizing process. In some embodiments, the robotic arm
318 may be unable to perform other tasks during the PUV
sanitizing process. In other embodiments, the robotic arm
318 may release the object, perform one or more other
actions, and return to grasp and convey the object after
sanitization is complete.
0244 FIGS. 30A-30F show cross-sectional views of an
illustrative PUV sanitizing system 3000 in the APAS cell
100 of FIG. 1. The system 3000 can use a rotating platen
3005 with a perpendicular vertical wall 3010, as shown in
FIGS. 30A, to position an object 3015 to be sanitized.
Except for differences as noted or where not applicable, the
discussion above regarding embodiments of the PUV system
2600 are generally applicable to embodiments of the PUV
system 3000. For example, the PUV system 2600 may
operate using a control module, an example of which is
described above with reference to FIG. 27.

0245. In FIG. 30A, the object 3015 to be sanitized is
loaded on the platen 3005 external to the PUV chamber. The
platen 3005 is rotated using an appropriate drive mecha
nism, (e.g., stepper motor, servo motor, mechanical linkage
coupled to a solenoid) to position the object 3015 inside the
PUV chamber where it can be exposed to the UV radiation
3020. The vertical wall 3010 serves as a baffle to Substan

tially provide a light seal for the chamber that may keep
most of the UV radiation 3020 from escaping. In some
embodiments, sensors (e.g., encoder on platen shaft, index
mark using hall effect sensor, opto-interrupter, etc.) may be
used to detect when the platen 3005 is in position for loading
or pulsing, or when the walls 3010 are in a sealing position.
While-positioned in the chamber, the object 3015 may
receive a dose of PUV radiation, as has been described. The

platen 3005 then rotates to position the object 3015 (portions
of which may be substantially sanitized) outside of the PUV
chamber, where it may be retrieved for further processing.
0246 The PUV system 3000 may be adapted for inte
gration into an APAS cell 100, or configured for stand-alone
(e.g., table-top) operation for use in a hospital pharmacy or
similar environment. In the hospital pharmacy type of envi
ronment, pharmacy staff may prepare prescriptions by load
ing one or more objects to be sanitized on the platen 3005,
perform the sanitizing, and retrieve the sanitized object for
further processing after the platen 3005 rotates the object out
of the chamber.

0247. In some embodiments, the wall 3010 may further
include multiple compartments (e.g., three, four, five, six,
seven, eight or more) on the platen 3005. The walls may be
uniformly distributed such that when any of the compart
ments is exposed to the UV radiation 3020, a portion of the
wall 3010 is positioned to form a light seal.

0248. In other embodiments, the platen 3005 may be a
circular or non-circular track. It may advance Substantially
continuously, or in segments according to chambers. In
some embodiments, the platen 3005 may advance in
response to a user command. Such as from a keypad or
“start” button. In other embodiments, the platen 3005 may
advance upon detecting the weight of one or more objects to
be processed.
0249 Similar to the discussion with reference to FIGS.
26A-26C, the PUV system 3000 may be configured to
include other arrangements of a baffle 3025. Examples of
this can be shown by baffle 3030 in FIG. 30C, baffle 3035
in FIG. 30D, and baffle 3040 in FIG. 30E.

0250). Other modifications may be made to the PUV
system 3000. For example, an illustrative embodiment of the
PUV system 3000 that includes a larger (or distributed) lamp
system 3050 in combination with another illustrative
embodiment of the baffle 3045 is shown in FIG. 30F. In this

example, the UV radiation 3055 can be distributed over a
broader area. The baffling 3045 and reflective surface on the
platen 3005 can provide a broadly distributed UV radiation
pattern over top and side surfaces of an object 3060.
Moreover, the platen 3005 is carrying two objects 3060 and
3065. The object 3060 can be in the PUV chamber, and the
object 3065 can be external to the PUV chamber. This
multi-object carrying capability of the PUV system 3000 can
promote efficient handling, for example, in a hospital phar
macy environment in which PUV sanitizing processing time
may affect productivity and throughput.
0251. In another embodiment, the platen 3005 may be
adapted to receive a tray of objects that are to be sanitized.
For example, a tray of two or more vials to be sanitized may
be placed on portion of the platen 3005 that is external to the
PUV chamber. The trays may include carrying handles for
convenient placement and/or stacking of vials. Such trays
may be prepared in advance, and can later be efficiently
batch processed, thereby saving time and labor for process
ing pharmaceutical admixtures.
0252) To aid in aseptic processing, the entire PUV system
3000 may be designed for use within an ISO class 5 clean
air environment. Such an environment may be present, for
example, within a containment cabinet in an APAS cell, or
present in a hospital pharmacy laminar airflow hood. An air
cooling system may be used, if needed, to dissipate the heat
in the lamp housing 3070 or chamber 3075.
0253) In addition to the above-described examples, sani
tizing systems may be implemented using systems, methods,
or computer program products other than the examples
described above.

0254. In various embodiments, a PUV system may com
municate using Suitable communication methods, equip
ment, and techniques. For example, the PUV control module
may communicate with the APAS control unit and/or a
hospital pharmacy network using point-to-point communi
cation in which a message is transported directly from the
Source to the receiver over a dedicated physical link (e.g.,
fiber optic link, point-to-point wiring, daisy-chain). Other
embodiments may transport messages by broadcasting to all
or substantially all devices that are coupled together by a
communication network, for example.
0255 In some embodiments, each PUV system may be
programmed with the same information and be initialized
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with substantially identical information stored in non-vola
tile memory. In other embodiments, one or more PUV
systems may be custom configured to perform specific
functions. For example, one PUV system may be configured
to perform both custom and batch processing functions by
responding to information about the objects to be sanitized.
0256 In one aspect, an automated sanitizing system for a
pharmacy environment for killing or incapacitating biocon
taminants may present one or more objects to be sanitized.
The system can include a chamber with a pulsed ultraviolet
Source. The system further can include an automated trans
port mechanism to place an object to be sanitized into the
chamber for exposure to pulsed ultraviolet radiation from
the pulsed ultraviolet source.
0257. In various embodiments, the automated transport
mechanism may further be to remove the object from the
chamber after exposure to the pulsed ultraviolet radiation.
The automated transport mechanism may include a robotic
manipulator and/or a rotating platen. The automated trans
port mechanism may manipulate or move the object in
response to a sequence of commands automatically gener
ated by a processor executing a program of instructions.
0258 Walls may substantially enclose the chamber, at
least one wall having an opening for receiving the object and
a portion of the transport mechanism. In some embodiments,
the automated transport mechanism may provide at least a
partial light seal around at least a portion of the opening.
0259. The pulsed ultraviolet source may provide a pulse
of ultraviolet radiation in response to a trigger signal. The
controller may generate one or more pulses of a controlled
waveform. The waveform may be controlled to provide a
desired amplitude, shape, and/or intensity. The controller
may generate a plurality of controlled pulses according to a
selected sanitizing routine. The selected sanitizing routine
may correspond to characteristics, such as type, size, or
manufacturer, of the object to be sanitized. The controller
may receive messages over a communication link, and the
messages may contain information about the characteristics
of the object to be sanitized.
0260 The object to be sanitized may include a portion of
a vial, an IV bag, or a Syringe. The biocontaminants to be
killed or incapacitated may include one or more viruses,
bacteria, and/or fungi. The ultraviolet radiation may include
UV-A, UV-B, and/or UV-C wavelengths.
0261 Some systems may be stand-alone or table top
systems; other systems may be adapted for integration into
an APAS.

0262. In another aspect, a method of sanitizing at least
one object Surface may include generating a motion trajec
tory command to cause a transport mechanism to place an
object within a chamber. The method may also include
exposing at least a portion of the object to a dose of pulsed
ultraviolet radiation.

0263. In some embodiments, the dose of pulsed ultravio
let radiation may include one or more pulses. The method
may further include identifying a number of pulses of
ultraviolet radiation that is sufficient to kill or incapacitate
one or more types of biocontaminants to a selected degree.
The selected degree may be substantially all biocontami
nants, such as at least 99.99%, 99%, 95%, 90%, 80%, 75%,
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70%, 60%, or at least about 50%. In some embodiments,

between 1 and 100% of a particular biocontaminant may be
killed or substantially incapacitated by the dose of pulsed
ultraviolet radiation.

0264. An air handling system for a pharmaceutical com
pounding area may provide an aseptic environment for drug
processing. The air handling system for the pharmaceutical
compounding area may also provide exposure protection for
system operators. Air Supplied to the pharmaceutical com
pounding area can be filtered with a high efficiency particle
air (HEPA) filter or an ultra low penetration air (ULPA) filter
to ensure that the particulate levels comply with federal and
state regulations. Exhaust air drawn from the pharmaceutical
compounding area may be filtered to reduce contaminant
levels. The exhaust air drawn from the pharmaceutical
compounding area may either be exhausted from the build
ing, or may be partly or fully recirculated into the pharma
ceutical compounding area. Drugs with benign exposure
effects, such as antibiotics, can be processed in a positive
pressure area in the APAS cell, where the positive pressure
is with respect to the ambient pressure outside of the APAS
cell. The positive pressure area can allow remixing of some
or all of the air from the pharmaceutical compounding area
back into the general pharmacy area within which the
pharmaceutical compounding area is located. Cytotoxic
drugs may be compounded in aseptic areas that operate in a
negative pressure Zone in the APAS cell, where the negative
pressure is with respect to the ambient pressure outside of
the APAS cell. The negative pressure Zone can allow the
external venting of all of the exhaust air.
0265 FIGS. 31A-31B are perspective cut-away views
showing illustrative details of portions of an air handling
system in an APAS cell. The APAS cell 3100 can be
designed for compounding of both antibiotic (e.g., positive
pressure) and cytotoxic (e.g., negative pressure) drugs with
minimal changes to its setup or the operation. The APAS cell
3100 can be divided into compounding area sections that
include the compounding area section 3105 and an inventory
supply area 3110. The APAS cell 3100 can also include an
exhaust area section 3115. The inventory supply area 3110
can include a carousel area with a carousel loading door
3.120. A chamber in the inventory supply area 3110 may be
maintained at a positive pressure with respect to the ambient
environment. The chamber in the area 3110 may also be
maintained at a negative pressure with respect to ambient,
but at the same or a more positive pressure with respect to
a pressure in a chamber in the compounding area.
0266. In various modes, one or more controllers may
regulate pressure in the compounding area chamber and/or
the storage area chamber, either independently, relative to
each other, and/or relative to ambient atmospheric pressure.
Such regulation may be advantageous Substantially prevent
exposure of the ambient environment to compounding-area
air during the loading of the inventory supply area 3110. The
positive pressure of the inventory supply area 3110 can also
help maintain cell cleanliness. Inventory carousels,
described with reference to FIG. 3 and FIG. 4, in the

inventory supply area 3110 can operate as a type of revolv
ing door pass-through, preventing uncontrolled air transfer
between the inventory supply area 3110 and the ambient
environment. This can occur during the loading of the APAS
cell 3100. The inventory carousels in the inventory supply
area 3110 can also prevent uncontrolled air transfer between
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the inventory Supply area 3110 area and the compounding
area 3105 during inventory access.
0267 In some embodiments, the air handling systems
may monitor, record and/or regulate temperature, humidity,
and/or composition. Temperature control may be performed
in one or more Zones within either or both compounding and
storage chambers. For example, temperature control may be
implemented by forced air heating or cooling, radiant heat
ing (e.g., electric heat), fluid-filled heat exchangers, and the

the APAS cell 3100 to the bottom of the compounding area
3105 in the APAS cell 3100. Exhaust air may be drawn into
a duct 3150 that surrounds the lower periphery of the
compounding area 3105. A second independent FFU 3155
can supply clean air for the inventory supply area 3110,
which also has exhaust intake in the bottom. A single fan unit
3160 can draw exhaust air from both the compounding area
3105 and the inventory supply area 3110. The layout of the
ducting and air flow into the fan unit 3160 is shown in FIG.

like.

3165 can be controllably restricted (e.g., with adjustable
Vanes, flappers, slats, or other flow restriction elements) to
force the ducts to be at a lower pressure than either the
compounding area 3105 or the inventory supply area 3110.
The restriction may be implemented by sizing the inlet slots
3175 in the peripheral duct 3150 of the compounding area
3105 small enough to restrict the total amount of air that can
be pulled into the duct with the pressure differential devel
oped by the exhaust fan 3160. Pressure management in the
inventory Supply area 3110 may be managed in a similar
fashion by the use of inlet slots 3180.
0272. One or more techniques may be used to deal with

0268. In some embodiments, composition of gas in the
chamber may be controlled, for example, by selectively
introducing one or more gasses (e.g., nitrogen) to catalyze
reactions, neutralize toxic byproducts, and/or clean or oth
erwise sanitize the environment in a chamber. In some

embodiments, visible (e.g., colored) gasses may be intro
duced to assess laminar flow, detect seal integrity, etc . . .
within the respective chambers. In some embodiments,
desiccants and/or adsorbents may be used to control the
environment in the chamber.

0269. The compounding area 3105 can be a negative
pressure area relative to the ambient environment. Hazard
ous aerosolized drugs or fumes may be contained within the
compounding area 3105. They can be exhausted out of the
compounding area 3105, as in examples described else
where herein. The compounding area 3105 may be sealed to
the Surrounding ambient environment during compounding.
The APAS cell's cleanliness level can be continuously
monitored during compounding. Completed product from
the APAS cell can be output to the ambient environment by
way of pass-through output doors. The pass-through output
doors can be used to minimize air transfer to the ambient

environment. The compounding area 3105 can be opened to
the ambient environment by way of compounding area doors
3125, 3130, and 3135. This can be done as needed or based

on a predetermined schedule, for restocking, maintenance,
and routine cleaning. This may include a routine wipe down
and cleaning of the interior of the compounding area 3105,
removal and replacement of drip mats, Syringe cap restock
ing, and needle sharps container removal and replacement.
0270. The APAS cell 3100 can include a HEPA filter

housed in a HEPA filter unit 3140 that filters exhaustair from
the APAS cell 3100. The HEPA filter can hold contaminant

particulates contained in the exhaust air preventing them
from being released into the ambient environment. The
APAS cell's exhaust system can include multiple operating
modes. One operating mode can involve a complete external
venting of the APAS cell's exhaust air. This operating mode
may be used for Some processes, such as certain cytotoxic
drug processes, and can be optional for some other medi
cament processing. A second operating mode can involve a
partial or complete recirculation of filtered exhaust air to the
ambient environment. This operating mode can be used in
medicament processing, for example antibiotic processing,
that does not involve cytotoxic drugs.
0271 The compounding area 3105 can include a sealed
enclosure (e.g., chamber) that is supplied with clean ULPA
filtered air from a Fan Filter Unit (FFU)3145 mounted to the
top of the APAS cell 3100 in a location above the com
pounding area 3105. The air flow through the volume of the
compounding area 3105 can be a substantially vertical
laminar flow from the top of the compounding area 3105 in

31 A and FIG. 31B. The airflow into the ducts 3150 and

the exhaust air as it leaves the APAS cell 3100. In embodi

ments that are used for processing some drugs, such as
certain cytotoxic drugs, and where desired by the user for
antibiotic cells, substantially all of the air may be discharged
from the building by connecting the exhaust fan discharge
pipe 3185 to a duct leading to the building exterior (not
shown), and air recirculation grills 3190 and associated
plumbing may not be required.
0273. In some embodiments, such as for some antibiotic
processing, for example, Substantially all of the air that is
exhausted from the cell can be reintroduced to the ambient

local area around the cell. The air may be exhausted from air
recirculation grills 3190 on both sides of the APAS cell 3100
near the exhaust fan 3160 and the external discharge pipe
3.185 connection may not be required.
0274 For antibiotic processing cells, for example, some
fraction of the exhaust air may be discharged to the building
exterior and the remainder of the air may be recirculated in
the ambient local area. In this instance, both the air recir

culation grills 3190 and the external discharge pipe 3185
may be used. Some of the flow may be go into the recircu
lation duct to grills 3190 and the remainder may exhaust
externally via the external discharge pipe 3185. An air flow
control element (not shown) can be placed in the external
discharge pipe 3185 to regulate flow balance as conditions
in the downstream ducts fluctuate due to external factors.

0275 Some embodiments may include a number of areas
in or linked to the compounding area 3105 where additional
air draw may be included to assist in managing the cell
environment. As described elsewhere herein, Such areas can
include, but are not limited to, a waste bin area below the

compounding area 3105 where waste consumables are
deposited by the robot. Some embodiments may also pro
vide air flow from a printer housing in which one or more
printers can be housed. Some further embodiments include
air flow local to one or more of the multiple syringe
manipulators. Some further embodiments provide an air
extraction system that serves to cool an ultraviolet (UV)
lamp in a port sanitization system, an example of which is
described with reference to FIGS. 26A-30F, within the

compounding area 3105.
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0276 Air flow in each of the aforementioned areas may
be provided through ducts that are in fluid communication
with, for example, the peripheral duct 3150. As such, low
pressure Zones may be provided in one or more of the
aforementioned areas in and around the compounding area
3105.

0277. In some embodiments, the waste bin area may be
connected to the low pressure peripheral duct 3150 in the
compounding area 3105 to create a localized airflow into the
waste bin area from the compounding area 3105. Any
airborne drug residue from waste materials (e.g., emptied
vials, used syringes, and/or emptied bags) can be then drawn
out of the waste bin area directly and is substantially
prevented from migrating back into the compounding area.
0278. The printer housing and the syringe manipulator
enclosures can be potential sources of particulate due to the
concentration of mechanisms and the types of activities
occurring in all these areas. Directly drawing air from these
areas can pull particulate into the peripheral duct 3150 to be
exhausted, rather than allowing migration into the com
pounding area 3105.
0279. In some embodiments, the UV lamp in the port
sanitization system may be cooled and/or cleaned by a flow
of clean air. Such air flow may cool and/or substantially
reduce particulate or organic solvents from depositing on the
lamp Surfaces. Connecting it to the low-pressure peripheral
duct 3150 can force the air to be drawn into the UV lamp
housing from just below the FFU outlet (where it is cleanest)
and to flow over the UV lamp to provide cooling. In some
embodiments. Such cooling may be performed without addi
tional air moving elements that may generate air currents
that may disrupting laminar flows in the compounding area.
0280 FIG. 32 is an illustrative block diagram of an
APAS Cell Air Handling Control system 3200 in an APAS
cell. The APAS Cell Air Handling Control system 3200
includes a compounding area 3205, carousel area 3210, a
Fan Filter Unit (FFU) #13215, a FFU#23220, a HEPA filter
housing 3225, a combined variable speed drive (VSD)
exhaust fan 3230 and an air valve 3235. A cell controller (not
shown) can manage the control of air pressure levels in the
compounding area 3205 and the carousel area 3110, which
was previously referred to as the inventory Supply area,
relative to the ambient pressure. Air pressure levels can be
controlled by the APAS Cell Air Handling Control system
3200 in order to maintain preset pressure levels.
0281 Air pressure levels in the compounding area 3205
can be controlled based upon input from a differential
pressure sensor 3245. Air pressure in the compounding area
3205 may also be controlled by varying the speed of
FFU#23220 based upon input from differential pressure
Sensor 3260.

0282 Air pressure levels in the carousel area 3210 can be
controlled based upon input from a differential pressure
sensor 3240. Air pressure in the carousel area 3210 may also
be controlled by varying the speed of FFU#13215 based
upon input from differential pressure sensor 3265.
0283 Air pressure levels in the compounding area 3205
and the carousel area 3210 can also be controlled by varying
the speed of the exhaust fan/VSD 3230 based upon inputs
from differential pressure 3250 and differential pressure
sensor 3255, which monitors the air pressure level within the
HEPA filter housing 3225.
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0284. Although pressure based control of the air pressure
levels in the carousel area 3210 and compounding area 3205
are discussed, alternate methods may also be used. The
methods may include but are not limited to air mass flow
rate, Velocity measurements, or air particle counter measure
ments. The methods may also be used to control pressure
either singularly or in various combinations.
0285) The differential pressure measurements may be
used as a diagnostic to ensure that the fans, FFU#13215 and
FFU#23220, are operating properly. Differential pressure
can also be measured on the HEPA filter in the HEPA filter

housing 3225 by differential pressure sensor 3255. The
measurement of the differential pressure on the HEPA filters
may be performed to monitor HEPA filter loading. In some
embodiments, various filters, including one or more biofil
ters, may be included into the air handling systems for the
compounding chamber, Storage chamber, and/or a clean tent,
an example of which is described with reference to FIG. 40.
0286 Any time an operator opens the compounding area
doors 3125, 3130 and 3135, some or all compounding
operations may be suspended. In some cases, any items with
exposed critical Surfaces that are in process may be dis
carded or re-sanitized (e.g., with pulsed ultraviolet light).
Processing in the compounding area 3105 may be resumed
after the APAS cell measures an air cleanliness level at an

ISO Class 5. For example, the operation may be resumed
after determining that pressure levels are within control
limits and/or particle counts are below predetermined
thresholds. The compounding area doors 3125, 3130 and
3135 may generally be kept closed except for servicing/
cleaning before and after each batch of processing. In some
examples, APAS cell access doors may have magnetically
controlled locks (or other interlock or access control
devices) to prevent access in Some modes to other than an
authorized user.

0287. In some embodiments, a particle counter may be
used to monitor levels of contaminant particulates in the
compounding cell. The particle counter may include a sensor
(e.g., laser beam) that senses when a particle passes through
it. When the particle passes through it, it can then increment
a particle count. For example, a particle counter may be a
Model CI-3000, commercially available from Climet Instru
ments Company of California. In some embodiments, par
ticles may be counted if they meet or exceed a particulate
size threshold. In one example, the particle counter may
include two channels, one to measure particles up to about
0.5 micrometers (um), and another to measure particles sizes
between about 0.5um and about 5um. To satisfy Class 100
cleanroom criteria, the particle count may be maintained at
or below one hundred 0.5um (or greater) particles in a cubic
foot of air. Other channels, counters, or detectors may
monitor for other types or sizes of contaminants (e.g.,
Smoke). The particle count may be stored for each drug
order, for example, in a database in the APAS.
0288 FIG. 33 is an illustrative cut-away view showing
details of a carousel area in an APAS cell. A carousel 3300

is shown with a top plate 3305 removed. APAS cell inven
tory access can involve a pass-through door with a robot
access port 3310 accessible with a robotic arm 3302 from the
inventory supply area 3110 into the compounding area 3105.
A carousel 3300 can be placed in a robot access position
where the curved wall panel 3315 allows a portion of the
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carousel rack 3320 to be presented to the robot access port
3310. This can be managed with minimal air exchange as the
door panels always Substantially block the door aperture.
This may be implemented in the APAS cell 100 by creating
compartments around the carousel exterior. One compart
ment can be created for each of the twelve inventory racks,
examples of which are carousel racks 3325 and 3320, per
carousel. Other embodiments may include different numbers
of racks, such as 2, 3, 4, 5, 6, 8, 10, 14, 16, or more, for

example.

0289 FIG. 34 is an illustrative view showing details of
a carousel trim panel in an APAS cell. A compartment may
be formed from a three-faceted sheet metal trim panel 3405
that spans the distance from the lower to the upper circular
disks that attach to the carousel shaft. The trim panel 3405
can isolate the Volume occupied by each rack from the
interior of the carousel and the adjacent racks. The two
vertical edges of the trim panels can be fitted with an
adjustable seal 3410 with a compliant edge lip. The com
pliant edge can Substantially avoid hard pinch points
between the trim panel 3405 and adjacent wall panel for
operator safety, while the adjustment can allow for the
adjustable seal 3410 to be positioned coincident with the
outer diameter of the carousel disks.

0290 The APAS cell inventory supply area 3110 may be
maintained at a positive pressure relative to either or both the
external environment as well as the compounding area 3105.
It can be pressurized with ULPA or HEPA-filtered air that
can be fed in from the FFU 3155 of the inventory supply area
3110 with exit vents at the floor level to allow laminar flow

scrubbing of the incoming product by air passing down
through the Volume.
0291. The curved wall panel 3315 that separates the
carousel 3300 from the compounding area 3105 may include
a curved segment for each carousel that closely conforms to
the outer diameter of the carousel from the top plate to the
bottom plate 3330. In a preferred embodiment, the curved
wall panel 3315 may not interfere with the carousel outer
features as a rubbing contact may generate undesired par
ticulate with some materials. Therefore, a gap on the order
of about one millimeter can be maintained between the

curved wall panel 3315 and the swept volume of the carousel
to Substantially avoid a rubbing contact. The robot access
port 3310 may be positioned in the curved wall panel 3315
Such that as the carousel rotates, there can always be at least
one of the vertical trim panel edge seals 3410 engaging the
curved wall panel 3315 on either side of the door aperture.
The top and bottom carousel plates may serve to restrict any
air paths to the top or bottom of the door aperture. These
measures can Substantially prevent unrestricted air flow
from the carousel volume into the compounding area 3105
during carousel rotations or while it is positioned for robot
access. However, there can be a minimal amount of air

bleeding past the carousel around the door openings from
the inventory Supply area 3110 to the compounding area
3105. Since the inventory supply area 3110 can be pressur
ized with clean, HEPA-filtered air, there may be substan
tially little opportunity to introduce contaminants into the
compounding area 3105. With the compounding area 3105
at a lower pressure than the inventory supply area 3110
Volume, potentially hazardous materials can be substantially

restricted from migrating from the compounding area 3105
into the inventory supply area 3110 and/or the ambient
external environment.

0292 A carousel loading door access 3330, through
which racks are installed and removed, may be shrouded
with a wall panel 3335 that may expose the rack compart
ment 3340 that is being filled at any given time when the
loading door is opened. This can be done by rack loading
access 3345. The rack loading access 3345 may have the
same minimal gaps between the wall panel 3335 and the
outer diameter of the carousel upper and lower plates and
trim panel edges. This configuration can allow for a limited
flow of clean air from the pressurized inventory Supply area
3110 volume to bleed out past the carousel while the loading
door is opened, but the pressurization Substantially prevents
any external contaminants from entering the inventory Sup
ply area 3110 volume from the external environment. The
controller for a servo-motor driven carousel, for example,
can prevent rotation of the carousel while the exterior
loading door is opened as an operator safety measure. The
carousel and wall panel may be substantially sealed while
the carousel is in the loading position.
0293 FIGS. 35A-35C show views of a product output
chute 3500 in an APAS cell. Products leaving the APAS cell
100 can be placed in the product output chute 3500. The
product output chute 3500 includes two product passages,
which may also be referred to as chutes 3505 and 3510, an
interior door 3515, an exterior door 3520, an interior face
3525, an exterior face 3530 and a product divider 3535. The
product output chutes 3505 and 3510 and the product divider
3535 can allow for segregation of the products (e.g.,
syringes, IV bags) leaving the cell. The chutes 3505 and
3510 may include vertical product passages that are closed
off at the ends with solenoid-actuated doors. There can be an

interior door 3515 that covers both product passages and an
exterior door 3520 that also closes off both product passages.
0294 FIGS. 36A-36B show views of a product output
chute 3500 in the course of releasing a product from the
APAS cell 100 of FIG. 1. The interior door 3515 on the

product output chute can be normally closed 3605 while the
exterior door 3520 can be normally open 3610. When
product is ready to be sent out of the APAS cell, the exterior
door can be closed 3615, the interior door can then be

opened 3620 and the product can be placed through the
interior door opening into one of the vertical product pas
sages or chutes. The product can then be released by the
robot. From there the product can be dropped. Once
dropped, the product can come to rest on the closed exterior
door 3615. The interior door can then be closed 3605 and a

few seconds later, the exterior door can be opened 3610 and
gravity can assist the product in exiting the pass-through.
The exterior door can remain open 3610 until the next
product is ready to be dispatched. The opening and closing
of the interior door can be controlled by solenoid 3625. The
opening and closing of the exterior door can be controlled by
solenoid 3630. In another embodiment, each vertical product
passage may have a separately controllable interior door,
exterior door, or both.

0295 FIGS.37A-37C show an illustrative printer system
3700 for an APAS cell. The printer system 3700 includes
printers 3705 and 3710 that are mounted in an enclosure
3715 that includes an automated label shuttle 3735 that can
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provide a pass through into the compounding area 3105. The
printer system 3700 includes a printer mounting plate 3775
that includes a quick release pin 3770 that can allow for the
easy removal of the printer mounting plate 3775 assembly.
The enclosure 3715 includes an external door 3730 for an

operator to access the printers 3705 and 3710 for loading
media and servicing, for example. The printer enclosure
3715 can be sealed against a panel 3765 that can be located
inside of the external door 3730 and mounted to the door

frame. The panel 3765 can be used to seal the inside of the
APAS cell from the ambient environment when the operator
opens the external door 3730, for example, for printer
maintenance. As noted previously, the printer enclosure
3715 may be operated at a more negative pressure than the
compounding area 3105 through a duct providing fluid
communication from the interior of the printer housing to a
low pressure point in the air handling system described with
reference to FIGS. 31A-31B, and/or active fans. This nega
tive relative pressure may substantially reduce particulate
generated by printer operations from migrating from the
printer enclosure 3715 into the compounding area 3105.
0296. The system 3700 includes a set of spring-loaded
printer housing doors 3720 and 3725 that open into the
enclosure 3715 to receive label trays on the automated label
shuttle 3735 from the compounding area 3105. The shuttle
3735 includes a slide motor 3740, a slide cover 3745, a slide

motor housing 3760, a bag label tray 3750 and a syringe
label tray 3755. The shuttle 3735 can push the pass-through
doors 3720 and 3725 open to enter and capture the printed
labels for presentation to a syringe or an IV bag that the label
is applied to.
0297 FIG. 38 shows an illustrative tray 3800 for the
printer system 3700 of FIGS. 37A-37B. The tray 3800 may
be the bag label tray 3750 or the syringe label tray 3755. The
tray 3800 includes a fan 3805 (e.g., with DC or stepper
motor, for example) and wheels 3825 to contact the printer
housing. The fan 3805 can be mounted inside of the tray
3800 to suck the label onto the tray 3800 as it comes off of
the printer. A proximity sensor can be located in the top plate
3810 to detect the presence and proper location of the label.
The sucking of the label onto the tray 3800 with the
assistance of the incoming air 3820 can allow the label to
overcome any natural label curl and electrostatic effects. It
can also properly locate the label on the tray 3800 for
removal and Subsequent presentation to the bag or Syringe.
The fan 3805 blows air out of the tray 3815 towards the
interior of the printer enclosure 3715. This can ensure that
the particulate is blown into the printer enclosure 3715 and
not into the compounding cell 3105 when the label is
removed from its backing.
0298. Some embodiments may include one or more print
ers and associated application apparatus to print labels and
to apply those labels to vials, Syringes, and/or IV bags. Some
implementations may receive a label for a vial while rotating
the vial as the label is dispensed. Various other embodiments
may print a label in response to identifying a bar code thatch
using a bar code reader device. Some labels may be printed
in all or in part in one or more languages depending on the
health care provider and patient needs. Some labels may
include a description of attributes or image information of
the proper contents of the medical container. Some embodi
ments may print information, such as 1 or 2 dimensional bar
codes, text, or other indicia on an exposed surface of the IV
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bag. In some examples, the Surface may be specially coated
or include a previously applied label to substantially prevent
the marking material from leaching into the interior of the IV
bag. In some embodiments, machine readable indicia (e.g.,
bar code, pattern) may be imprinted on at least one surface
of a pill, tablet, or other solid medicament. Some medical
items may receive an RFID tag instead of or in addition to
any other label.
0299 FIGS. 39A -39B show an illustrative waste bin
area 3900 of an APAS cell. The waste bin area includes

waste bins 3905 and 3910, an interior door 3915, an exterior
door 3920 and a waste bin area enclosure liner 3925. The

waste bin area 3900 can be coupled to the compounding area
3105 via a pass-through so that the waste bins 3905 and
3910 can be emptied without interrupting cell processing.
The waste bin area 3900 can be a stainless enclosure,
enclosure liner 3925, which can be sealed from the ambient
environment. It can be fitted with the interior door 3915 that

can isolate the waste bin area 3900 from the compounding
area 3105 when it is closed. It can also fitted with the
external door 3920 to access the waste bin area 3900 from
the exterior for removal of the waste bins 3905 and 3910.
The interior door 3915 and the exterior door 3920 can be

interlocked so that as the exterior door 3920 is opened a
couple of degrees, the interior door 3915 closes completely.
As described with reference to FIG. 31A and 31B, a

connection to the peripheral duct 3150 around the base of the
APAS cell can cause air to be pulled from the APAS cell, as
long as the internal door 3915 is open, and draws air from
the exterior when the external door 3920 is open. This may
substantially prevent aerosolized drug from the waste bin
area 3900 from returning to the APAS cell area or escaping
from the APAS cell. The interlocking can be implemented
with a mechanical linkage, but may also be implemented
with an electromechanical actuator on the internal door

3915, with sensing or operator switches on the external door
3920 to initiate it.

0300. In some cases, the interior of a syringe barrel
behind a syringe plunger may be considered a critical
Surface. An example illustration of the interior of a syringe
barrel behind a syringe plunger is described in more detail
with reference to FIG. 46. The APAS cell 100 may be
configured to avoid exposure of critical Surfaces to non
sterile environment (e.g., less than ISO Class 5).
0301 The operational procedure for getting the syringes
from a Class 5 assembly area, through non-Class 5 envi
ronment, and back into the Class 5 cell, for example the
APAS cell, can be handled in a number of ways to maintain,
for example, that the sterility of the syringes. Two illustra
tive implementations are described below.
0302) A first illustrative implementation may be to load
the Syringes into a clean rack in a Class 5 environment and
once loaded, place a clean cover over the rack and Syringes.
The racks can then be transported from the assembly envi
ronment to the APAS cell 3100 with minimal risk of

contamination. The cover can stay in place until the rack is
installed into the carousel area 3110. The opportunity for
contamination once the cover is removed can be minimized

by a Class 5 airflow pattern in front of the exposed rack
loaded in the carousel area 3110. As described in the

discussion in air handling in the APAS cell, the carousel area
3110 can be maintained at a positive pressure relative to the
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external environment. There can be about a one to two

millimeter gap between the exterior wall closure panels and
the carousel top and bottom plates and vertical trim panel
seals, allowing clean air to flow into the area in front of the
rack once it is in the carousel area 3110. The clean air can

blow over the face of the rack from the top, bottom, and both
sides as long as the exterior door is open, minimizing the
opportunity for external environmental contaminants to
actually reach the Syringes.

0303 FIG. 40 shows softwall downdraft clean rooms
4000 and 4005 attached to the side of the APAS cell 100 of

FIG. 1. A second illustrative implementation may be to
create a local Class 5 clean environment outside each of the

carousel loading doors by adding essentially a Softwall
downdraft clean room to the side of the cell structure that the

operator can enter for APAS cell loading as shown in FIG.
40. This type of clean room can lend flexibility to the APAS
cell loading paradigm. It can be large enough to allow the
opening of the carousel door 3120. It can allow access to the
operator interface panel inside the clean area, and may
optionally include a small work Surface to facilitate any
routine operator tasks. The work Surface may be mounted to
the APAS cell, or free standing. The work surface can also
be a suitably outfitted mobile cart which may also provide a
mechanism to transport supplies to the APAS cell and/or
convey packaging materials. Syringes, vials, and/or IV bags
can be loaded into the racks in a Class 5 clean bench and

then transported in covered racks to the clean area attached
to the APAS cell, then loaded and uncovered inside the clean

area resulting in an aseptic process. In some embodiments,
the Syringes and other Supplies can be brought directly to the
clean area outside the carousel door 3120 for loading
directly into the racks that have been already installed in the
carousel or for loading the racks in the attached clean area
and then placing-the racks into the carousel.
0304) The clean rooms 4000, 4005 may form standalone
clean tents, which may be formed into any Suitable shape
and use any suitable dimensions. The clean rooms 4000,
4005 each include a FFU 4015, 4020, respectively, blowing
down from the ceiling of the APAS cell. In other embodi
ments, the clean room may include ductwork configurable to
couple to one of the existing FFU’s 3145,3155 on the APAS
cell. The walls 4025 may be, for example, a combination of
overlapping plastic strips and/or flexible plastic sheet cur
tains. Such construction can be, for example, Swung or slid
back away from the side of the APAS cell to allow for the
opening of the APAS cell doors for cleaning and mainte
nance as required. The air quality can be quickly reestab
lished after all doors are closed up again.
0305 FIG. 41 shows an illustrative APAS 4100 for an
illustrative hospital environment. The APAS 4100 includes
one APAS cell 4130 and two optional APAS cells 4135 and
4140, connected to one or more remote user stations 4105

and 4145 by way of APAS local network 4110. In other
embodiments, four or more APAS cells may be included in
the APAS 4100. Using network communication (e.g., packet
based communication), any practical number of cells of the
APAS 4100 may operate in a coordinated manner from
different geographical locations (e.g., different locations in a
building, among multiple facilities, or in one or more
geographically distant locations). Examples of communica

tion networks can include, e.g., a LAN, a WAN, wireless
and/or optical networks, and the computers and networks
forming the Internet.
0306 The APAS 4100 may receive drug processing
requests by way of a hospital communication network 4115.
The APAS 4100 may receive drug processing requests from
existing hospital drug order/prescription order entry systems
4120.

0307. In some implementations, the APAS 4100 may be
integrated into an existing process flow model in which drug
orders are prepared, validated, and passed to a pharmacy for
manual processing. The process flow model may be man
aged by a hospital IT system 4150. Some existing order
entry systems 4120 may generate printed labels by way of
hospital printers 4125 that contain drug order information
(e.g., drug name, dose levels, concentrations, patient data).
Such labels can create a processing demand for operations
performed manually in the pharmacy. The APAS 4100 can
use the information on Such labels as a source for drug
orders for automated processing.
0308 One illustrative way for an APAS process to begin
can occur when drug orders are available on the hospital
interface, as described with reference to FIG. 41. The drug
orders can be a triggered event. The drug orders can be
initiated on a time basis, initiated when files are present,
initiated when capturing printer port data, or initiated when
Some other form of messaging from a hospital order entry
System occurs.

0309 Another illustrative way for an APAS process to
begin involves an operator manually entering a non-patient
specific request for drug processing. The APAS 4100 may be
incorporated into an existing pharmacy process flow in
which a request is made by medical staff for administration
of medication to a patient. The request can then be vetted by
pharmacy staff, typically in conjunction with order entry
software. The pharmacist may vet the order entry by review
ing the dose levels, the other medications a patient is on, and
other related factors. The APAS 4100 can receive already
validated and/or vetted drug orders. Directly entering patient
specific orders into the APAS 4100 may bypass these safety
checks. In some embodiments, the APAS can only accept
patient specific requests via the hospital interface. This mode
of operation can Support batch operations in a pharmacy. A
batch operation can be an operation where a certain quantity
of product is prepared in anticipation of demands. The
batched products can then be either refrigerated or frozen.
For example, a pharmacy operator may want to prepare a
quantity of one hundred one gram Cefazolin Syringes, or two
hundred saline Syringes for line flushes.
0310 Since the data may already exist in some electronic
format, site installations (e.g., hospitals) may transfer elec
tronic files that contain the required information to the APAS
4100. Some implementations may use well known elec
tronic data interchange techniques. Drug orders may be, for
example, predefined outside of the APAS 4100. Any review
of the appropriateness of the drug order, any contraindica
tions, incompatibilities, or correctness of the prescribed
doses can be performed by the existing hospital system
outside of APAS 4100. The resulting drug orders can
become inputs to the APAS cell for processing.
0311. In some embodiments, the APAS may include an
interface to a hospital system to capture certain key infor
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mation about a drug request, which can then be processed by
the APAS into a series of processing instructions to the
APAS cell, that can control the preparation of the drug order

records that can be stored in the APAS database 4340. The

APAS can execute planning software 4325, which may
generate production queue and inventory load data that also

in an automated fashion.

can be stored in the APAS database 4340. The database 4340

0312. In addition to different interface methods, the
actual contents of the drug orders can vary from hospital to
hospital. The APAS 4100 may have a flexible drug order
interface that can accommodate various apparatus for order
input, while maintaining a fixed and validated backend
automated system.
0313 Drug orders can be received by the APAS 4100 in
various ways. FIG. 42 is a flow chart of an illustrative
method 4200 for an APAS process for the APAS 4100. The
method 4200 shows an interface through which the hospital
system may create an ASCII delimited file that is retrieved
via FTP by the APAS 4100.
0314. The method 4200 begins with a drug order intake
at step 4205. Various methods for obtaining drug orders to
the APAS 4100. These options may include, for example,
capturing print stream data, connecting to an HL-7 Interface
where the APAS creates a connection to the hospitals
message server and registers for drug order request message
packets, importing data from a data storage device (e.g.,
memory stick, disk, CD, or other removable storage
devices), entering information directly (e.g., manual re
keying), reading optical character recognition, and/or scan
ning bar code information. Some implementations may
include electronic data interchange methods, one example of
which includes bar codes with tagged bar codes that have
encoded XML, HTML, or otherwise encoded tagged infor
mation which may be, for example, associated with data
fields as defined by a style sheet.
0315. Two illustrative approaches to perform the order
intake step 4205 are shown in FIGS. 43A-43B. FIG.43A is

may again be updated with information determined in an
inventory Stocking step 4330, in which an inventory map
ping can be generated for the APAS. Then, in a production
step 4335, the APAS generates processing information that
is also stored in the APAS database 4340.

0319. A hospital IT system 4345 may execute drug order
entry software in the method 4310. The hospital IT system
4345 can create drug order labels by selecting an existing
printer driver in the hospital IT system 4345. The drug order
label can then be printed by printer 4350. The method may
involve, for example, an HL-7 Interface in which the APAS
may connect to the hospital’s message server and register for
drug order request message packets.
0320 The hospital IT system 4345 can also select to print
to an APAS. An APAS printer driver 4365 can be provided
for the hospital IT system 4345 to print to a port on an APAS
cell. The port may be, in various embodiments, a network
command, a USB, firewire, wAN, or other serial or parallel
implementation, for example. The APAS printer driver 4365
can create a print file on the APAS. The print file may be in
the form of a label data file 4370. In some embodiments, the

chart of an illustrative order intake method 4310 that

label data file 4370 may trigger label data parsing software.
The label data parsing software can parse the label data file
to determine if the APAS is capable of processing the drug
order. A label data printer 4375 can take the parsed label data
file information and create a drug order label. The parsed
label data file is then reviewed by a drug order review
system 4320 in the APAS. If the drug order cannot be
processed by the APAS, then the APAS can route the drug
order label to the existing network printer 4350.
0321 For drug orders that can be processed by the APAS,
the drug order review system 4320 can create drug order

involves capturing print stream data. Another method to
perform the order intake step 4205 involves an HL-7 Inter

APAS can execute planning software 4325, which may
generate production queue and inventory load data that also

a flow chart of an illustrative order intake method 4300 that

involves creating an ASCII delimited file. FIG. 43B is a flow
face where the APAS 4100 creates a connection to the

hospital’s message server and registers for drug order
request message packets.
0316 A hospital IT system 4345 may execute drug order
entry software in the method 4300. The hospital IT system
4345 can create a drug order label by generating an SQL
query against a database in the hospital IT system 4345. The
drug order label can then be printed by printer 4350.
0317. The hospital IT system 4345 can also create an
ASCII delimited drug order label data file 4355, which can
be referred to as a label data file, that can be retrieved via

File Transfer Protocol (FTP) 4360 by an APAS. The label
data file 4355 can be placed in a folder contained on the
hospital IT system that can be accessed by an APAS. Once
accessed by the APAS, a label data parser 4315 can parse the
label data file to determine if the APAS is capable of
processing the drug order. The parsed label data file is then
reviewed by a drug order review system 4320 in the APAS.
If the drug order cannot be processed by the APAS, then the
APAS can route the drug order label to the existing network
printer 4350.
0318 For drug orders that can be processed by the APAS,
the drug order review system 4320 can create drug order

records that can be stored in the APAS database 4340. The
can be stored in the APAS database 4340. The database 4340

may again be updated with information determined in an
inventory Stocking step 4330, in which an inventory map
ping can be generated for the APAS. Then, in a production
step 4335, the APAS generates processing information that
is also stored in the APAS database 4340.

0322 Different hospitals may have different label for
mats. To accommodate the wide variety of interfaces, FIG.
43A and FIG. 43B show that an input method 4300 and an
input method 4310 in the order intake process can vary, but
that regardless of the input method the processing steps
4320, 4325, 4330, and 4335 remain the same. This can allow

for a flexible interface to a hospital system while maintain
ing a consistent automation method. When an APAS 4100 is
first installed in a hospital location, configuration informa
tion can be preloaded into the APAS cell 100 that defines
how to interpret the received drug order data. This can
include defining which sections of the drug label data relate
to the key fields for processing. A label can contain infor
mation that is not required to automate processing, Such as
the bed location of a patient, for example. Such information
can be stored in free form fields that can appear on the label
of prepared syringes and bags.
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0323 In an illustrative embodiment, a drug order record
for each drug order processed by the APAS may be stored in
the APAS database 4340. Each drug order record may be
associated with parametric information relating to the state
of the APAS cell during the processing of the drug order.
This information may include, but is not limited to, a unique
dose ID. In one or more data tables in the database 4340,

parametric information may be associated with the unique
dose ID. For example, operator, loader, responsible phar
macist, prescribing doctor or health care provider, inventory
loader, and patient-related information may be associated
with each unique dose ID. Date and time stamp information
(e.g., start time, end time) may be associated with one or
more data items associated with each unique dose ID. The
information may also include information about the types
(e.g., manufacture, model) and sizes of medical containers
used to process the drug order, including intermediary and
output medical containers used. Medical container informa
tion may include, for example, measurements of inner
and/or outer diameters at certain locations, lengths, image
information (e.g., prototype bitmap), and/or container
weight. Each dose ID may be associated with process
measurements, such as measurements of weights at different
processing stages, captured images (e.g., bitmap, gif, jpeg,
or .mpeg Video clips), expected and actual image data, image
comparison confidence level and threshold level, bar code
data, number and intensity (e.g., or selected profile) of
pulsed ultraviolet radiation exposure and identity of exposed
item. Each dose ID may be associated with environmental
parameter measurements, such as particle counter readings,
mass flow rates in the air handling system, internal (e.g., in
the compounding chamber, in the inventory chamber, in the
clean tent) and external (ambient atmospheric) humidity,
temperature, and pressure (e.g., gauge, differential between
chambers and/or internal-external).
0324) The drug order record in the APAS database 4340
may be associated with images of the drugs and/or diluent
used to process the drug order as well as images of the final
order in its delivered container. Information about the state

of the APAS may also be stored in the drug order record in
the APAS database 4340. For example, control settings for
the air handling systems (fan speed, flow control elements)
operation of various motors, robot parameters (e.g., motion
profiles, keep-out areas), maintenance level, Software and
hardware versions, training profile, error or verification
messages, aborted drug processes, related communications
with hospital interfaces, user input information, and similar
information may be associated with each dose ID. Other data
that may be stored in the drug order record in the APAS
database 4340 may include various other parameters for the
drug order, such as expiration date, and various other APAS
settings and/or variables contemporaneous or otherwise
associated with the preparation of each drug dose.
0325 Collecting and relating some or all such informa
tion in a relational database, may provide various benefits.
For example, drug dose records may be recalled for indi
vidual doses, or recalled for classes of drug processes (e.g.,
all 10 mL Syringe doses prepared in the last month).
Recalled records may be reviewed for process control
improvement, statistical analysis, auditing, repeating, profile
editing, training, maintenance, and/or other purposes.
0326. After completing the order intake step 4205, the
APAS parses and checks received drug orders at step 4210.

In various embodiments, the APAS 4100 may accommodate
a wide range of input drug order formats. An input masking
scheme may be implemented in which a configuration table
stored in an APAS database 4340, for example, includes
parsing information on the label. In one implementation, one
or more SQL statements may be embedded within the label,
and the configuration table can be used to extract data from
the input file to create the appropriate fields within a drug
order record in the APAS database 4340. The parsing
information can include information regarding field delim
iter and format information, as may be present in the case of
captured print stream data. The parsing information may
also include truncation or string Subsets for required char
acters. Operations may be performed to strip off printer
control characters, such as on captured print data. In various
embodiments, packet headers, ECC, XML tags, and/or other
types of metadata may be stripped, interpreted, or decoded
from packet-based or other serial or parallel communica
tions to interpret information to process a drug order.
0327. The implementation of the input masking scheme
can allow the APAS 4100 to accommodate a variety of
formats and orders of data in a received drug label with little
or no software changes. The mapping information can be
contained in tables that can easily be modified. In a typical
application of the method 4200, a hospital can predefine the
contents of the input data and can preload the configuration
data. In some cases, a benefit of this may be the ability to
allow changes to fields without requiring modification of the
software. This can also allow a variety of formats to reduce
the accommodation work required by the existing hospital
information systems to integrate with the APAS 4100.
0328 In some embodiments, the system may:
0329

1. review drug9. orders received on the CPOE

(care provider order entry) interface;
0330 2. identify which of the received drug orders are
to be handled by the APAS by tagging the orders (e.g.,
in a pick list); and,
0331 3. perform verification that the drug quantity
requested in a drug order falls within a trained and
acceptable range unless manual acceptance? override of
the limit is received.

0332. In one example, a non-standard quantity of a drug
may be requested for a large 30 patient. The APAS may flag
this case for review by an authorized user. The user can
accept the occurrence without adjusting the predefined limit.
The trained limits can be changed if it is determined that the
occurrence is to be included in the range considered normal.
0333 Drug orders can be received in a predefined format,
for example a delimited ASCH file. In some embodiments,
the APAS 4100 can verify that a drug order can be parsed
and is in the correct format. A drug order is created in APAS
database 4340 for each valid order received on the interface.

The APAS cell 100 may identify orders that do not pass
verification. For example, the drug order may be parsed by
extracting the key fields from the drug order (e.g., drug
name, drug quantity, units, concentration, concentration
units). Verification may also involve verifying that the drug
order is a producible order within the constraints of the IV
bag and Syringe trained inventories. The verification can be
performed in step 4215.
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0334. When individual drug orders are verified, they may
be added to a production queue at step 4220. The addition
can be automatic or manual. The operators have control over
which queue a drug request is allocated to, and can move
orders between queues. The queue represents an aggregate
of orders to be released to the cell for production. The queue
may be pre-processed to determine the total aggregate of
drugs and consumables required to fill the queue, which may
later become the list of inventory items to be loaded.
0335). Whether items are to be released to the production
cell is determined at step 4225. If items are to be released,
then the production step 4230 is performed. If no items are
to be released, then system moves into an idle state 4235,
after which step 4205 is repeated.
0336 A purpose of pre-processing can be to analyze a set
of drug orders that have been collected into a queue and
released for production. Each order may be processed
according to an algorithm to determine the processing steps
necessary to complete the order. Database tables can be
populated with the processing steps. The steps can define
details, such as the amount of drug to be drawn, the Syringe
or bag size required, and/or any further dilution require
ments, for example. The completed collection of these steps
can be compiled to determine a total aggregate of drug,
diluent, plus bag and Syringe requirements for the dispensed
doses. The APAS software can then process each aggregate,
and through iteration with the operator, for example, pro
viding inventory details such as what vial sizes to use,
determines the mix of vial sizes and reconstitution process
ing inputs required (e.g., Syringes, diluent) to provide the
drugs to fill the production queue. This information may be
used to generate an inventory stocking list that can be sent
for display to the operators.
0337 Automated compounding devices may have pre
loaded information for a specific drug order. For example, a
simple automation device may have a preset table of data for
handling a 1 gram cefazolin Syringe fill, or a 2 gram
cefazolin Syringe. Handling an intermediate dose. Such as a
1.5 gram dose, may involve retraining of the system. In
embodiments of an APAS, drug orders and fills may be
determined by an algorithmic method. In this approach, the
Software can calculate the processing steps for any valid
range of doses that can be produced within the limitations of
the available medical containers (e.g., Syringes and bags
loaded in inventory). As an example, the APAS can properly
process 1 gram Cefazolin 100 mg/ml orders, or 2 gram, or
1.5 gram orders, without requiring any further training. The
system may also incorporate range limit checking to flag
abnormal doses for confirmation.

0338. In an illustrative embodiment, software may be
used to determine fluid volume requirements, Syringe or bag
size to dispense, and further dilution steps. The illustrative
process may use a series of key tables, described below, in
the APAS to define the drug, reconstitution profile, drug
concentrations, and dispensing information.
0339 FIG. 44 shows an illustrative method 4400 by
which APAS software analyses a drug order to determine the
fluid transfer processing requirements. In some embodi
ments, the APAS may first receive the requested drug name,
and its concentration at step 4405. For example, the drug
order may include the drug name, drug quantity, quantity
units, concentration, and concentration units.

0340 Next, at step 4410, the APAS obtains a conversion
factor. To determine a conversion factor, the method 4400

can use the order's drug name to access the trained drug
information to find out the base units, and then can use the

order's units to find a conversion factor. In a first pass of the
method 4400, the drug order quantity can be scaled to
common units within the trained drug table. For example, if
a drug in the trained drug table uses milligrams as a base
unit, and a drug order is expressed in grams, the drug order
can be converted to milligrams. The drug name on the order
can be used to access the trained data, and determine what

unit conversion can be used to convert the drug order to
ordered units of a base. Trained drugs in the trained drug
database can be associated with a field to indicate base units.

Typical units can be milligrams or units. The drug order
quantity can be parsed and then can be used as an index to
determine the conversion. For example, Cefazolin 1 G 100
mg/ml vial concentrations may be expressed as units per
milliliter.

0341 The APAS determines dispensing information from
a dispensing table. Dispensing information may include
what media that drug dose and Volume is to be dispensed
from in the pharmacy. Syringe, bag and bag size, for
example, may be determined based on threshold values in
the dispensing table. In step 4415, the system 0o determines
if the media is available with the required amount in the
APAS cell. If the required amount is not available, then a
drug request error is indicated in step 4420 and the method
4400 ends. The error may indicate that the drug order has
unknown units.

0342. However, if the required amount is available, then
the drug order is scaled to the same units as the medical
container (e.g., vial) at step 4425. The APAS may compare
the request to the drug concentration present in a vial of that
drug. For example, the vial may be reconstituted by the
APAS cell or already available with fluid. Then, at step
4430, a fluid draw is calculated. The system can determine
the amount of fluid that can be transferred from the vial by
dividing the quantity of the drug order by the concentration
of the vial.

0343. In step 4435, the APAS checks whether the con
centration is acceptable. Whether further processing steps to
adjust the dose concentration are needed depends on
whether the vial concentration is equal to the dose concen
tration.

0344). However, if the concentration is not acceptable,
then, at step 4445, the system calculates a dilution ratio, for
example, by dividing the vial concentration by the dose
concentration. This may involve drawing an amount, further
diluting the Solution by drawing additional fluid, or decant
ing the drawn amount into a bag. In step 4450, additional
diluent draw is calculated, for example, by multiplying the
dilution ratio calculated in step 4445 by the fluid draw. The
fluid draw is then subtracted from this product.
0345. After step 4445, or if the concentration is accept
able at step 4435, then a syringe size is determined at step
4440. The determined syringe size is based on fluid draw and
additional diluent. Then, at step 4455, the APAS determines
whether the drug order is to be dispensed in an IV bag. If it
is to be dispensed in an IV bag, then the APAS adds bag
information to processing data, including information about
the IV bag to use for dispensing.
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0346. After step 4460, or if it is not to be dispensed in an
IV bag at step 4455, then the process data is added to the
process data table, and the method 4400 ends.
0347 In various embodiments, one or more drug tables
can be used to determine the drug concentration. Such drug
concentrations can be used to determine, for example,
whether further dilution may be needed to complete the
order.

0348 An illustrative APAS can perform a method that
includes an abstract series of defined steps with parameters.
In some cases, the type of drug preparation that is to be
performed by an automated compounding system like the
APAS can be broken down into one or more of these discrete

steps. With this approach, the APAS can accommodate a
wide variety of processing requirements, and Support mul
tiple types of output products (e.g., syringes, bags).
0349. In an illustrative method of FIG. 44, the steps of
the method may include the operations of drawing, diluting,
decanting, dispensing. Various combinations of Such opera
tions may be used to prepare drug orders using an algorithm
Such as that described herein. Drug preparations under this
algorithmic method can fall into combinations of these four
basic operations.
0350. In some embodiments, the algorithmic method
described above may be a default approach for implement
ing drug orders for the APAS. This method addresses some
typical applications, and provides flexibility to handle fine
resolution of quantity for a wide range of doses. Two
additional illustrative processing methods that the APAS
supports are described below. These methods can be invoked
either through drug orders from the existing hospital order
entry system, or by operator actions.
0351. Three illustrative methods for drug order process
ing are as follows. A first illustrative method includes
embodiments of the algorithmic method described with
reference to FIG. 44. In preferred embodiments, this method
may include a default method of operations of the device and
generally covers standard preparations of drugs. A second
illustrative method may be referred to as a lookup method.
The lookup method may define commonly recurring alter
native preparations instructions for a specific dose level and
for which the APAS is trained. A third illustrative method

may be referred to as a recipe method. The recipe method
encapsulates the preparation instructions directly within the
drug order or request. This method may typically be used
where there is variability in how a drug order is to be
prepared and dispensed, and/or where there are few com
monly recurring instructions (e.g., pediatric, chemothera
peutic, or other applications for which drug processing may
be tailored based on factors such as patient weight, Surface
area, or the like). The lookup and/or recipe methods may be
advantageous, for example, in situations in which a phar
macist specifies drug order processing information (e.g.,
draws, dilutions, dispensing information) that falls outside
of a normal processing range for an algorithmic method.
These and/or other methods may be implemented alone or in
combination.

0352. In some applications, there may be a need to train
the system to do something different for a specific drug at a
specific dose level on a recurring basis. For example, the
system may be trained to use predefined data instead of the

algorithm method for a particular dose. The APAS may
implement a method that uses one or more predefined
preparation tables to define specific preparation require
ments for a drug at a specific dose size. In this case, when
the APAS receives a drug order, it can check the dose in the
order against the predefined table. If it exists, then the
predefined data can be used instead. There may be times
when the hospital wants the algorithmic method to be used
and other times when they want the predefined method used.
For example, the hospital may have a protocol that calls for
a 1 gram cefazolin dispensed in a syringe as the default in
the algorithm, but sometimes the hospital may want the 1
gram cefazolin dispensed as a 50 ml IV bag. To Support this,
some embodiments of the APAS provide a method to specify
a preference on the drug order, or allow the operator to
specify, either for a batch or one or several orders in a batch,
that this alternative preparation method applies. Whereas the
default method needs information about the drug name,
quantity and concentration, this method may receive infor
mation about other parameters to indicate whether alterna
tive preparation methods (e.g., the lookup table) are to be
used.

0353. The recipe method may be particularly beneficial in
cases with significant variability in the doses and the dis
pensing media (e.g., Syringe, Vial, IV bag, etc . . . ) and
concentrations. For applications such as pediatric and che
motherapy drug preparations, the dose sizes can vary
depending on the patient (e.g., body mass, Surface area,
weight, etc.) There may be times where the drug order or the
operators want to include specific ad hoc preparation infor
mation with the drug order. In this case, additional param
eters in the label can define specific preparation require
ments for that one drug order. The APAS can support a
Scripted recipe for the preparation. As an example, the order
can specify details such as draw 10 ml of cefazolin 100
mg/ml, draw 20 ml of sterile water and dispense in a Syringe.
Another example may be to draw 10 ml of cefazolin and
dispense it into a 50 ml bag of sterile water. As is described,
the method can allow specific processing instructions to be
included in the drug order itself. Therefore, the APAS may
not need to use either the algorithmic or look up method.
Specific encoded commands within the drug order can
define that the recipe method is to be followed.
0354) To control the drug process the APAS software,
when executed by a processor, can cause pre-processing
operations to be performed on the drug order as shown with
reference to FIG. 44. Fluid transfer amounts can be calcu

lated from the requested dose of a drug order, using the
known concentrations of the drug vials listed in the tables of
drug products the device has been trained to handle. This
information can then be combined with the pharmacy's
dispensing information which defines which doses can be
provided in Syringes and which doses can be provided in
bags. This information may also be combined with the
physical dimensional characteristics of the Syringes to be
used. In some embodiments, there may be a layer of inter
action with the APAS operator where the drug inventory
items to be used for a particular production run can be
identified. They can be identified either using defaults or the
operator may specifically input information about which
items are to be used. In this interaction, the processing can
identify inventory items, which can allow the APAS to
calculate a total aggregate of drug product, vials, Syringes,
bags, and diluent to process the collection of orders. This
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total aggregate information can be communicated as a load
instruction, or message, to the operator who can retrieve the
list of items and place them into the devices inventory.
0355 During the pre-processing step, the APAS can
select processing sequences for each drug order. In an
illustrative example, performing the method 4400 involves
only a Syringe draw. The example may be, for example, for
a cefazolin order that is 1 G 100 mg/ml, where the vial units
are in mg. The vial concentration is 100 mg/ml. This can be
the result of steps 4405, 4410 and 4415. The method
continues to step 4425 where the drug order quantity is
scaled to the same units as the vial. This results in a drug
request of 1000 mg. In step 4430, it is determined that the
fluid draw is 10 ml. This is determined by dividing the drug
request of 1000 mg by the vial concentration of 100 mg/ml.
In step 4435 it is determined that the vial concentration is
equal to the dose concentration. The APAS determines, in
step 4440, that a 10 ml syringe is needed based on the fluid
draw and the additional diluent. At step 4455, it is deter
mined that an IV bag is not needed for dispensing. As such,
the data includes the commands to get a 10 ml syringe and
draw 10 ml from a vial. The data for the drug order is added
to the process table at step 4465, and the method 4400 ends.
0356) Another example of the method 4400 involves
further dilution and dispensing into an IV bag. In this
example, the drug order calls for a penicillin order that is 1
G sodium 6 mu, 500,000 u/ml. The vial concentration is

500,000 mg/ml. This can be the result of steps 4405, 4410
and 4415. The method continues to step 4425 where the drug
order quantity is scaled to the same units as the vial. This
results in a drug request of 6,000,000 u. In step 4435, it is
determined that the fluid draw is 12 ml. This is determined

by dividing the drug request of 6,000,000 u by the vial
concentration of 500,000 mg/ml. In step 4435 it is deter
mined that the vial concentration is equal to the dose
concentration. The method 4400 determines that a 20 ml

syringe is needed, in step 4440, based on the fluid draw and
the additional diluent which results in a total volume needed

of 12 ml. The method 4400 proceeds to step 4455 where it
is determined that an IV bag is required for dispensing. Step
4460 adds the bag information to the process data. In this
example, a 50 ml bag of normal saline is needed. In step
4465 the data for the drug order is added to the process table.
The data includes the commands to get a 20 ml syringe, draw
12 ml from a vial and add a 50 ml bag of saline. The method
4400 then ends.

0357 Another example of the method 4400 involves
further dilution. The example method 4400 can be, for
example, for a clindamycin order that is 600 mg, 15 mg/ml
with a 150 mg/ml concentration. This can be the result of
steps 4405, 4410 and 4415. The method continues to step
4425 where the drug order quantity is scaled to the same
units as the vial. This results in a drug request of 600 mg. In
step 4435, it is determined that the fluid draw is 4 ml. This
is determined by dividing the drug request of 600 mg by the
concentration of 500 mg/ml. In step 4435 it is determined
that the vial concentration is not equal to the dose concen
tration. The method 4400 then proceeds to step 4445 where
a diluent ration is calculated. In this example, the diluent
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multiplying the fluid draw of 4 ml by the dilution ratio 10.
The fluid draw of 4 ml is then subtracted from the result, 40,
and an amount of 36 ml of additional diluent draw is

determined. In step 4440, it is determined that a 60 ml
syringe may be used for the total volume of 40 ml. In step
4455 it is determined that an IV bag is not needed. In step
4465, the data for the drug order is added to the process
table. The data includes the commands to get a 60 ml
syringe, draw 4 ml from a vial and draw 36 ml of sterile
Water.

0358. The system may independently calculate the
amount of fluid, in milliliters, to be drawn, and the required
size, in millimeters, of the target Syringe, and what type and
size of bag, if any, to dispense into. The end result of this
processing can be a command sequence that represents steps
to fill a drug order and the parameters of fluid transfer and
Syringe size. These processing commands may be stored,
either temporarily and/or in the database, associated with a
single drug order record for Subsequent processing during
production operations.
0359. In the production planning stage, an example of
which was described with reference to FIG. 42, the total

aggregate of drugs and consumables for the drug order is
determined so that inventory items can be selected. In
various applications, the operator may provide inventory
items selected through stored definition and/or user input, or
through default definitions on what inventory items to use.
0360 For example, the total aggregate of cefazolin for a
production queue may be 100 grams across 90 doses.
Therefore, a minimum of 100 grams of cefazolin may be
provided in the inventory. As described above, there may be
multiple sizes of vials. The operator can indicate which sizes
and manufacturer contents can be used for the run. In some

embodiments, this can be automated using default assump
tion on sizes, or optionally through an interface to a hospital
inventory system. Pre-identification of the inventory can
enable the system to perform appropriate validation checks
during production operations. As an example, pre-identifi
cation may identify information that may later be used
during a production verification check. A production veri
fication check may include, for example, checking vial label
information using machine vision pattern matching, optical
character recognition (OCR), bar code scanning, or any
combination of these or other techniques described herein.
0361. In some embodiments, the process may involve
identifying what drug inventory is to be used, and may
include the sizes of drugs to use. This process may be at least
partly automated. Automated identification may be overrid
den by operators in some embodiments. If there is more than
one APAS cell, production queues can be assigned to a
particular APAS cell. Required APAS carousel racks may
also be identified.

ratio is determined to be 10:1. This is based on the ratio of

0362. After identifying inventory, the APAS cell can
analyze the reconstitution processing requirements to create
a series of commands stored in tables (e.g., in a database) for
controlling the reconstitution process. Reconstitution con
trol can involve high-level process commands with param
eters that define a drug and a target concentration. The
preloaded tables with trained drug and reconstitution data
can be used to determine the required diluents and diluent

the concentration of 150 mg/ml to the drug order of 15
mg/ml. In step 4450 it is determined that an additional 36 ml
of diluent is needed for the drug order. This is determined by

0363. In some embodiments, this phase may generate a
list of all the inventory items necessary for the production
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run, along with a complete set of processing commands for
both reconstitution and drug processing. The APAS cell can
also determine the racks and locations for each inventory
item. This information may be sent for display, or may be
printed, for review by the operators who can retrieve the
items to load the APAS cell.

0364 During this phase, the APAS cell may verify the
inventory load requirements against the available rack com
partments and can flag any issues where insufficient rack
space is available to accommodate the inventory load.
Further iterations may be performed on the inventory stock
at this time. For example, the operator may have instructed
the cell to use 100 small vials of cefazolin, which may
exceed the capacity of the available inventory racks. In Such
a case, the production plan may be reduced to a level that can
be accommodated by available rack space.
0365. When a production queue has been pre-processed,
the system may present to the operator a load map of items.
The load map may indicate to the operator what drug, vial
size, syringes, or bags, to place into inventory, and which
racks may be required.
0366 The operator may interact with the APAS software
either at a remote user station 206, or directly at a terminal
(e.g., a flat panel monitor 202) located near the APAS cell,
for example, and may manually load the inventory items into
the racks. In some embodiments, each rack may be bar
coded, as shown in FIG. 14. A bar code reader may be used
to confirm bar-coded items (e.g., medical items, medical
containers) as they are loaded. The operator may indicate the
contents of some or all locations to build a database of

information on where in the cell each inventory item is
located. This database may be used in Subsequent phases,
including in during production.
0367 Verification of the drug vial via bar code may be
performed, for example, as the vial is loaded into an inven
tory rack. This may be done, for example, by using a
hand-held scanner at either the remote user station 206 or the

in-situ loading 226 at the APAS cell 100. During the loading
of racks outside of the APAS cell (e.g., at the inventory
station), a bar code scanner may verify the rack type and
unique identifier using a bar code label fixed to the rack.
0368. In some embodiments, when the racks are loaded
into the APAS cell, the doors can be closed, the carousel can

be rotated, and each installed rack can be verified by type,
serial number and location using the rack's bar code and a
fixed bar-code reader located within the APAS cell. This

process can be used to confirm what rack is loaded in each
carousel location, and the process can allow the APAS cell
to automatically determine the coordinates and motion pro
files to reach each item.

0369 Various embodiments may exchange data used to
provide a demand forecast for medical items. Collected
information from operations may be applied to inventory
purchase decisions using appropriate Software. Similarly,
collected data may be used for invoice and billing functions;
0370. In various embodiments, the APAS may perform
drug order processing in which the software uses an algo
rithm and rules modified according to information regarding
vials, trained products, and the intended output items (e.g.,
bags, Syringes, vials, kits) to automatically determine fluid
draw, syringe sizes, and product dispensing.

0371. In an example, a drug order can be received on the
hospital interface and is forwarded to the APAS for process
ing. The drug order can define the drug name, dose size,
and/or required drug concentration fields that the software
can use to determine processing requirements. The drug
order may also contain other information, (e.g., patient
names, bed locations, patient ID, notes) that may appear on
a label on the prepared drug product. This information may
appear on the drug order but is not used by the APAS. For
example, a nurse may check a patient ID on a ward or for
billing purposes, separate from the APAS. To automatically
fill the orders, the APAS software can analyze the orders and
translates the request into a series of processing steps that
identify the required drugs, fluid transfers, and Syringe
and/or bag products. The APAS cell can accommodate
off-the-shelf IV products and standard syringes to perform
fluid transfers within the cell. Syringes, which have needles
preinstalled, can be placed into inventory and then moved as
needed to one of two syringe manipulators 322. 334. The
Syringe manipulators 322, 334 include grippers and motor
controlled sliders that, under software control, can hold a

Syringe and articulate the Syringe plunger to perform the
required fluid transfers. The syringe manipulators 322,334
can hold the barrel of a syringe, plunge a vial or bag onto the
Syringe's needle, grip and hold the plunger stem of the
Syringe and move the plunger stem up and down to cause
fluid transfer via the needle.

0372. During the production run, the APAS cell may
retrieve this collection of processing steps for a given drug
order. In some embodiments, the system can read from the
data that indicates a drug is required, what fluid amount
(e.g., in ml) is required, and what type or size of Syringe is
required (e.g., in ml). The software can check the device's
available inventory to find an appropriate Syringe size, and
can retrieve the Syringe physical characteristics from the
appropriate table. The physical data can be used to deter
mine dimensions for a syringe gripper (e.g., plunger button
diameter, barrel exterior diameter, overall length, extension
of the needle, maximum fill, and interior diameter). The
APAS software now has information about the top level fluid
transfer demands and the dimensions of the Syringe to be
used. An algorithm can then be used to translate the required
milliliters of fluid draw into a number of millimeters of

plunger stem travel for the particular type of Syringe
selected. In some embodiments, this calculation may be
accomplished using the interior diameter of the Syringe to
determine the length of the interior column of fluid, which
equates to the required plunger stem pull. The software may,
for example use manufacturer average interior diameter
information to minimize the effect of manufacturing toler
ances on the interior diameters. In some embodiments, the

software may add a default offset equal to one half of the
interior diameter tolerance to compensate for Syringes that
might fall on the low side of the average. In some embodi
ments, a dynamically adjustable offset may be used to fine
tune the compensation used for Syringes. The dynamically
adjustable offset may be based upon statistical analysis of
recorded syringe measurements. For example, a Syringe may
be weighed before and after fluid fill. Use of this data over
time can allow for the adjustment of the amount of com
pensation based on the history of the prepared doses. The
APAS software may control the movement of the syringe
manipulator slider to achieve the desired linear pull which is
equal to the desired fluid volume. The filled syringe can then
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be weighed to confirm that the actual weight is consistent
with the expected weight. This can be done with a tolerance
reflective of the range of interior diameter variations. If the
weight is within an expected range, then the system may cap
and label the Syringe before depositing it into an output bin
for retrieval and dispensing by the operators. In various
embodiments, the steps described above may be performed
in a different sequence, include additional steps, or be altered
to achieve similar objections.
0373) In an illustrative example, prescriptions may be
assigned in various orders. Such as first-in, first-out, or
prioritized according to a delivery schedule. The system may
determine at various points, including before processing, a
required size for one or more vials, Syringes, and/or IV bags
to process a prescription. Some prescriptions may be des
ignated to be processed in separate filling, fluid transfer,
and/or compounding processes, and/or assigned a collection
receptacle when completed, for example. Outputs may be
provided in vials (which may be recapped, for example), IV
bags, or syringes containing drug orders in pill, tablet,
capsule, or other Solid, semi-solid, or liquid form. In some
embodiments, the APAS may include a pill counter and/or
dispenser. The outputs may be dispensed in combination
with other items as a kit of medical items. For example, a
Syringe may be packaged with another syringe that is to be
administered to the same patient at the same time. As
another example, one or more IV bag preparations may be
packaged as a kit with a syringe for a particular Surgical
procedure that may be performed in the future. In yet a
further example, a syringe may be provided with a needle in
a protective sheath in a kit. In still a further example,
auxiliary materials (e.g., Swabbing materials, disinfectant,
etc . . . ) may be included in a kit as appropriate for a
particular patient or procedure, for example. Kits may be
packaged, for example, in Sterile plastic bags, shrink
wrapped, sanitized with pulsed ultraviolet light, or otherwise
prepared for storage or future use. Appropriate packaging
and labeling equipment may be provided in the compound
ing chamber, in the storage chamber, in a clean tent, or
external to an APAS. Computers associated with the APAS
may receive and process requests for kits in combination
with preparing pharmaceutical compounds.
0374 Some systems may include one or more web server
and support web browser interfaces that include information
input, control, and reporting functions for the APAS. Web
servers may provide, for example, a gateway to the Internet
or other wide area network. In one embodiment, a web

server may be used to remotely authorize compounding
operation. Using various protocols (e.g., HTTP, FTP), a
remote node may transmit an authorization signal to an
APAS. In response, the APAS cell may perform the
requested compounding operation upon validation of the
authorization signal. Some web browser embodiments may
include, for example, modules developed using HTML,
XML, JAVA, applets, servlets, or in combination. Applica
tions, such as web portals, may be used in combination with
various programming languages to support functionality as
described herein.

0375 Features of the APAS may include the flexibility to
handle a variety of drugs in a variety of sizes, the ability to
prepare doses in a range of IV bag and Syringe sizes, and the
ability to prepare these items in any order or to intermix dose
preparations.
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0376 Achieving this flexibility may involve a robust and
open system and incorporate features and methods that make
the system open. Various embodiments may provide one or
more benefits, such as the abilities to:

0377 handle a drug in different sizes of vials;
0378 perform drug reconstitution with different fluids
and different levels;

0379 Support various mixing profiles for reconstitu
tion;

0380) Support various mixing durations;
0381 use a drug from multiple vendors, for example,
cefazolin from two or three vendors;

0382 handle a range of sizes for IV bags; or
0383 handle a range of sizes of syringes and support
multiple vendors.
0384) To support drug order processing, an illustrative
embodiment of the APAS implements several data tables in
a relational database. Illustrative data tables are described

below. The data model represents a unique feature of the
APAS design that can allow the APAS software to be highly
flexible thus allowing the APAS to handle vials from mul
tiple manufacturers, varying in sizes, each size having
possible multiple concentrations and reconstitution profiles.
It also can allow for site specific customization of the final
form of the product dispensed. For example, the output
container for a drug order may vary as to whether the patient
is a child or an adult. Therefore, a pediatric hospital may
configure the default container for a specific drug order to be
an IV bag where a non-pediatric hospital may configure the
default container for the same drug order to be a syringe.
0385) To illustrate the overall flow of syringe processing,
an overview of the data tables is described below. In an

illustrative database of the system, each drug may have a
1...N relationship with a drug manufacturer. For example,
Cefazolin may be associated with two manufacturers (e.g.,
Pharmaceutical Partners of Canada Inc., and Novopharm
Ltd.). Each manufacturer has a one to many relationship to
vials. For example, Pharmaceutical Partners of Canada Inc.
may be associated with vial information such as: DIN
2237140 and 10 GVial; and, DIN 2236926 and 50 mg Vial.
Novopharm Ltd. may be associated with vial information
such as: DIN 2108135 and 10 GVial; and, DIN 2108.127 and

1 G Vial. Each vial record may store information about, for
example, physical characteristics, such as dimensions, tol
erances, and weight medical containers.
0386. In further examples, each vial record may be asso
ciated with information about a one to many relationship to
a reconstitution profile. For example, DIN 2237140 and 10
G Vial may be associated with reconstitution profile infor
mation such as: 100 MG/ML, add sterile water 96 ml; and,
200 MG/ML, add sterile water 45 ml.

0387. A drug used in the APAS may be trained in the
APAS cell. Physical characteristics and dimensions can be
used by the APAS in vial handling, for example. The
physical characteristics and dimensions may be used by the
robotic arm to calculate offset. The physical characteristics
and dimensions may also be used by the gripper on the
robotic manipulator and the Syringe manipulator to deter
mine expected diameters for various vials and Syringes

